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A WINDOW ON LEPROSY 
EDITOR’S NOTE 


About this volume 


It takes me back to the early sixties when I was taking a course entitled pathobiology 6, 
in essence leprology, at the school of Hygiene and Public Health of The Johns Hopkins Uni- 
versity in Baltimore, U.S.A. It was almost wholly given by one Professor, and it almost 
appeared that there probably wasn’t much there that called for more intensive team involvement. 
But, beyond our small world of Pathobiology 6 students, leprology started already to draw 
scientists of diverse disciplines. Shepard’s footpad model had just appeared in the field with 
a big impact and immediately became a focal point of leprosy researchers around the world. 
And yet so many questions remained unanswered at the end of our course that quite a few of my 
fellow students at Hopkins wondered whether they got their ‘money’s worth’. I felt embarrassed 
because in the group I was somewhat identified with leprosy. More than a decade later, I can 
say without fear of contradiction that we do have answers to many of the questions asked by 
my fellow students in 1964-65. There has been a veritable explosion of knowledge and attempts 
are being made to utilise the fruits of research in the field with minimum delay. This has been 
made possible by a simultaneous appreciation of the great need to co-ordinate both the investi- 
gative and applied aspects of the new knowledge. The World Health Organisation (WHO) 
very rightly plays the pivotal role here. What is however lacking in all this is a free flow of the 
information and knowledge permeating through all levels of leprosy workers particularly in 
countries where leprosy is a big problem. Administrators, Medical Officers, para-medical and 
social workers, teachers and technicians who man the army of our fight against leprosy have 
little facility of finding out for themselves what new knowledge has accumulated and how. 
Even research workers in these countries have difficulty in collecting facts because of the limi- 
tations of library facilities readily available to them. In the All India Leprosy Workers’ 
Conference at Baroda in April 1976, an experienced leprosy worker angrily reacted to the fact, 
according to his estimate, that scientists were miserly in response, or evasive to questions that 
the humble field worker had to constantly face in his day to day work, and that while a scientist 
could afford to be equivocal, the field worker had to face these questions with conviction or else 
he was ineffective. This is unfortunately true to a large extent. When we talked about bringing 
out a Volume to commemorate the Silver Jubilee of the Foundation, these thoughts were upper- 
most. Consequently, when I was asked to undertake editing of this volume, I readily agreed. 
My idea of a volume that will have articles from various laboratory and field investigators, 
dealing with specific issues, problems and topics in simple, narrative style, rather than subject- 
wise chapters, was endorsed by the committee members and I am most grateful to them for 
giving me a free hand in choosing the topics for the articles, the authors, and the format of the 
volume. The topics have been chosen to cater to all types of readers who are, or may be inter- 
ested in the leprosy problem. As much as possible investigators identified with particular areas 
of research or activity had been approached and it is gratifying that most of them, inspite of 
their multifarious involvements and commitments, readily agreed to write the chapters asigned 
to them, conforming to the style, form and substance as detailed by the editor. Those that 
could not contribute had genuine difficulties and we appreciate that. Postal dislocation, i.e. 
non-receipt of letters in time at both ends posed some problems and was responsible for the 
absence of at least one vital chapter, the eye in leprosy. The authors were requested to use 
simple, easy to understand English without diluting the scientific contents. Those that have 
a natural gift of story-telling will have done very well, while there are admittedly articles dealing 
with topics that are indeed difficult of conveyance in simple style. There has been unavoidable 
repetition of facts in different articles. While these could have been rectified with a little effort, 
they have been left as they are for the simple reason that the overall impact of different authors’ 
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differing ways of explanation of the same fact and statements should be more impressive and 
lasting. 
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Vili 


PRIME MINISTER 


FOREWORD 


Leprosy is a scourge of the human flesh which makes the individual 
afflicted by it not only suffer but also undergo the odium of an outcaste. Far 
from getting sympathy from his friends and relations; he is universally shun- 
ned ; what is more, he has to bear the mortification of being an idle member 
of the community unable to play his part in the service of the country. The 
number of persons afflicted by leprosy is more than 3 million. It is therefore 
one of the main health problems of our country and needs a very scientific 
approach to its cure and to the dangers of infection. As a disease it has 
become a national problem and our country has never devoted to this problem 
the attention which it deserved except in recent years. We are now trying 
to control it through a National Leprosy Control Programme in which the 
Gandhi Memorial Leprosy Foundation has taken a pioneering interest. It 
was initially devised and put to field use by the Foundation and it forms one 
of the constituents of the Gandhi Smarak Nidhi programme which has as its 
theme the perpetuation of the memory of Mahatma Gandhi. Gandhiji was 
the apostle of the philosophy of “Daridranarayan” and for him there was no 
distinction of caste and creed, rich and poor and superior and inferior. It 
was this comprehensiveness of his mind, his deep compassion for the lowly 
and the suffering and his passion for healing the wounds from which humanity 
suffers which made him commit himself inter alia to the sufferers from leprosy. 
It was therefore fitting and appropriate that the ministration of relief to the 
leprosy sufferers should have occupied such an important place in the pro- 
gramme of the Gandhi Smarak Nidhi. 


I am really very happy to see that the Foundation is commemorating its 
Silver Jubilee by bringing out a useful volume on the malady itself. The 
approach of the commemoration volume is commendably utilitarian. It 
brings to leprosy workers of all levels and shades of opinion the latest know- 
ledge on various aspects of leprosy as a disease and the problem which it 


poses to society. It will provide many a guideline for those who are engaged 
in ministering relief and I have no doubt that it will be a book of reference 
to all dedicated workers engaged in eradicating leprosy from the land. 


However, the object underlying the production of this volume can only 
be achieved if all those who are engaged in research and service in leprosy 
can utilise it for carrying on well-planned and controlled scientific measures 
and studies in which they would use modern medical and technological 
methods and try to find out the good things which our Indian indigenous 
system of medicine has to offer. For some years it has been the habit to 
consider indigenous systems as archaic and of no value in modern times. 
After suffering from the ill effects of some modern drugs and medicines we 
have become wiser and have found utility and effectiveness in our indigenous 
systems. The realisation is growing that those systems could be widely used 
to advantage not only because they are cheap and locally available but also 
because they are effective and aim at eradication of disease and its causes 
rather than suppress the symptoms that: they produce. The approach that 
has been made in collecting various contributions is motivated by this desire 
to utilise Indian indigenous systems to the greatest advantage without in any 
way running down modern system of medicine and cure. 


I congratulate the Foundation for having brought out this volume and 
the Editor for having accomplished it so successfully and express the hope 
that the book would be widely circulated at home and abroad and would be 
appreciated by and prove useful to the readers. 


New Delhi, 
December 30, 1977. 


(Morarji Dgsai) 


GANDHI LOOKS AT LEPROSY 


R. R. DIWAKAR 


And he rushes to serve the patients at all 
costs and at all risks. If according to poet 
Shelly, ‘our sweetest songs are those that 
tell of saddest thought,’ our noblest actions 
are undoubtedly those that seek to remove 
all suffering from human life. If it is heroic 
to plunge into a rushing stream to save 
another life, it is the height of heroic patience 
to nurse back to healthy life a suffering 
patient, and a leprosy patient at that. 


Buddha’s insight declared that life was 
full of suffering and misery and his teaching 
of compassion moved Emperor Asoka to 
have hospitals even for ailing animals. It 
is said that Buddha preferred wiping the 
last tears of suffering humanity to the bliss 
of Nirvana. To treat all ‘selves’ as one’s 
own, and be absorbed in their service 
(sarvabhoota-hite-ratah) is the philosophy 
and ethics of the Geeta. It is christian charity 
which inspires thousands to risk all to help 
all in distress. It is the sensitive heart and 
the responding soul of man that hungers to 


relieve others of all kinds of pain and suffer- 


ing, be it of the body or mind. The essence 
of humanness lies in this sensitivity of our 
consciousness to the suffering of others. 


Disease is as inseparable from life as death 
itself. Myriad have been the diseases, old 
and new, to which man has been subject from 
the beginning of his life on earth. Many of 
them have been quick in bringing about the 
end; several are painful and unbearable; 
some of them are prolonged and prefer to 
keep close company with their host till his 
death. There are diseases which are conta- 
gious, infectious, epidemic, endemic and 
so on. There are others which have their 
home in the human body itself and show 
themselves when times are favourable for 
them to burst out and attack mercilessly. 


But there is no other human disease, which 
in addition to its intrinsic and inherent capa- 
city to cause pain and suffering, has a number 


of attendant handicaps and associate man- 
made causes of alienation, ostracism, extreme 
disproportionate mental suffering, and reck- 
less abandon as this disease of Leprosy in 
India and elsewhere. Even now, in this 
age of communications and wide-spread 
general knowledge, in this era of Welfare 
States and universal health care, in this heyday 
of science and technology as well as all- 
pervading humanism which bids to be a kind 
of future religion, leprosy is a malady which 
is looked upon by most as a curse, as incur- 
able, as loathsome, as ugly, as dreaded, as a 
result of some deadly past sins, as highly 
infectious andsoon. The social stigma which 


is attached to it by ignorant as well as educated 


people is still so persistent that even the nearest 
and the dearest are unwilling to entertain their 
own leprosy patients in the household. The 
leprosy patient is an untouchable and a 
social outcaste in the cruelest sense imagin- 
able. It is this unjustifiable, irrational, primi- 
tive attitude towards this illness which pre- 
vents its being properly treated, and is 
responsible for its being called a scourge and 
what not. And yet we in India have to deal 
with the disease as well as with the obtuse 
attitude of people which is yet in evidence, 
though softening of late of that attitude on 
account of better and proper knowledge of 
the disease and its curability has started, 
though very slowly. 


This fell disease often brings in its wake 
ugly deformities, especially of the extremities, 
of hands, of feet, of the nose, and the face. 
That is perhaps one of the main causes for the 
accumulated agelong prejudices. This disease 
has its own long and tortuous history. One 
need not think that this disease and the 
attitude towards it is peculiar to India. I 
may quote here from an excellent article by 
Alec Walker, which recently appeared in the 
Sunday Edition of ‘Deccan Herald’ (4.4.1977) 
of Bangalore. 


‘No one knows the origins of leprosy which 
is as old as the world itself. Egyptian 
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accounts tell of a disease resembling leprosy 
as early as 4600 B. C. In the Angkor sanc- 
tuaries in Cambodia there is the statue of the 
*T eper King whom some authorities think 
is King Yasovarman I, founder of Angkor 
and builder of Phnom Bakheng, who is said 
to have died a leper. 


Chow Ta-kuan, a chinese traveller of the 
13th century speaking of lepers in this place 
says that it is a disease people in the area are 
accustomed to and ‘though they live and 
eat with them, people do not catch the illness.’ 


There has always been deep-seated pre- 
judices and fears that leprosy represents a 
‘divine curse’. Among Hindus this afflic- 
tion suffered in this life is a form of punish- 
ment for misdeeds in a previous incarnation. 
Among Muslims it is believed that leprosy is 
imposed by the will of Allah to be borne 
stoically. It also provides the faithful to gain 
heavenly credit by giving alms to them. In 
biblical times, lepers were treated as outcasts 
and people fled from them. They were 
segregated from the rest of the inhabitants 
and pronounced unclean. It was considered 
not only a disease but an affliction placed 
upon many by God because of his sins. 


Such beliefs and prejudices still persist in- 
culcating attitudes of fatalistic acceptance 
and resignation on the part of the afflicted 
and his family. They have not been properly 
taught and do not know that leprosy is curable, 
it is not hereditary, it is preventable, and that 
it i$ not the result of any curse. It is caused 
by germs like that of tuberculosis. Early 
treatment can prevent deformities and most 
deformities can be corrected by surgery. 
It is not a hopeless and highly infectious dis- 
ease.’ 


It was but natural and human for Gandhi 
to have been drawn to this problem of 
leprosy in India. In view of our overwhel- 
ming regard for the Father of the Nation, 
and in view of the deep debt that India owes 
to him for inspiring millions to sacrifice 
their all for wresting independence from the 
clutches of a mighty foreign power through 
unique non-violent means, we are likely to 
forget or make light of the other great contri- 
butions he has made for the uplift of the 
masses and for the relief of the lowliest and 
the last in our society. He was not only a 
seeker of truth in all its purity, but a votary 
of Truth and one who would spare nothing 
to establish the truth, once he found it and 


was convinced of it. He was a humanist 
par excellence and his interest were as compre- 
hensive as human life itself, his concern was 
as deep for its betterment as his vision was 
wide as the whole of humanity. How then 
could this disease with its vicious ramifica- 
tions and manifold sufferings escape his sen- 
sitive soul and vigilant eyes. 


As early as when he was thirteen he came 
in contact with one Ladha Maharaj who 
had cured himself of leprosy as much by medi- 
cation as by his faith in Ramanama, his 
devotion to God. He used to read the scrip- 
tures for Gandhi’s ailing father while the boy 
looked on and listened. So, Gandhi’s know- 
ledge of leprosy as well as of the importance 
of devotion to God were almost simultaneous. 
Both sank deep in the young mind of Gandhi 
to mature at leisure and flower most abun- 
dantly for the multiple benefit of humanity. 


Gandhi looked upon leprosy as a bad dis- 
ease no doubt. He said, the word had a bad 
odour. But some times, he abhorred ‘moral 
lepers’ in society more, and attributed the 
ills from which human beings suffer to the 
several sins committed by man. His feeling 
for those suffering from leprosy was not the 
common & customary sympathy which all of 
us usually have for all sufferers. It had 
its roots far deeper in his heart which could 
readily respond to the slightest ache of sentient 
beings. It was not merely the suffering, 
the ugly sores & the deformities of leprosy 
patients which moved him to action but it 
was more the inhuman and disgraceful way 
the other humans treated their brethren who 
were victims of a crippling disease for no 
fault of theirs. This double curse from which 
the victims suffered that stung him deeply. 
It made him rebuke his coworkers in Durban 
when they remonstrated him not to waste 
his time with a bunch of leprosy sufferers 
whom he met under a tree. Gandhiji would 
say, we Indians here in South Africa are our- 
selves out-castes, and we are treating these 
miserable brethren of ours as outcasts among 
outcasts. What an irony? Do they not 
deserve a few kind & consoling words from 
us if not any thing more? 


On another occasion, while in Madras 
during his earliest tour of India, when Gandhiji 
heard of a senior Founder-Member of the 
Indian National Congress suffering from 
leprosy, he simply rushed to his bedside, and 
while making enquiries wiped his wounds with 
the ends of his own garment. The Honour- 


*The use of the word ‘leper’ has been officially banned by the Govt. of India—Ed. 
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able Shriniwas Shastri who was with him at 
the time was stunned; he has described this 
incident as follows: 


“He (Gandhiji) knows no fear and Shrinks 


from nothing which he advises others to 


do. In fact, his love of suffering and 
hardships as a means of spiritual progress 
is almost morbid. His compassion and 
tenderness are infinite like the ocean— 
to use an Eastern simile. The present 
writer stood by as he wiped the sores of a 
leper with the ends of his own garments.’ 


Neither reason nor logic, much less 
commonsense or caution can explain the 
abandon with which Gandhiji rushed to relieve 
the suffering not only of leprosy patients but 
the suffering of all humanity, often at-.the 
risk of his own life. His sympathy which 
had already matured into empathy had its 
roots in the intuitive perception of oneness of 
all; sense of identity, love, compassion’ 
fellow-feeling, greater concern for others 
than for self, urge to serve all, are but corol- 
laries of the great principle Gandhiji enun- 
ciated in the simple phrase ‘AII life is one’. 


Gandhi’s compassion and fellow feeling 
overrode all fears of infection and such other 
considerations. Readers may have a full 
idea of Gandhi’s commitment in the matter 
of leprosy if they read a small book ‘Gandhi 
Looks at Leprosy’ written by Shri M. S. 
Mehendale and brought out by Bharatiya 
Vidya Bhavan, Bombay-7, on behalf of the 
Gandhi Memorial Leprosy Foundation, 
Wardha, 442103. In 1945 Gandhi included 
leprosy work as one of the many items of 
Constructive Program which was accepted 
by the Indian National Congress. He thus 
gave leprosy work a place and a status in the 
national reconstruction of India. 


Though leprosy has been an ancient disease 
affecting the whole of mankind, it is the 
modern scientific age which has been able to 
probe into its etiology and many scientists 
are at present desperately trying to find an 
effective remedy. It was only as recently as 
1949 that the sulfone drug DDS has been 
found to be effective if used in early stages and 
continued to be used for long. It can arrest 
the disease and also prevent deformities. It 
is now possible to detect and mark off lepro- 
matous cases which are infectious as different 
from non-lepromatous which are not infec- 
tious. But the final remedy can be said to 
have been found only when the rod-shaped 
leprosy bacillus (Mycobacterium leprae) can 


be cultured outside the human body and an 
anti-leprosy vaccine manufactured on a large 
scale. It may also be possible to eradicate 
the disease if some kind of immunity is estab- 
lished as a result of the effort of immunologists 
who are working at it. Though it is about 
hundred and four years that the bacillus has 
been isolated and found to be the cause of 
leprosy by Dr. Hansen of Norway, it has 
not been possible to develop a vaccine, or to 
induce immunity, try how they might. 


In the meanwhile however, we now know 
that the discovery of the patients, adminis- 
tering the available drug at the earliest, and 
persistent use of it effectively cures the patients, 
prevents deformities and stops dehabilitation 
of the sufferers. This is no small gain. 
Surgery in the case of Deformities also has 
advanced a great deal; care of the eyes of 
leprosy patients can prevent blindness, thus 
adding a new dimension to the lives of those 
who have been suffering. Both these feats 
of surgery and eye care have been in evidence 
and the recipients of this year of the Damien- 
Dutton Award, Dr. Paul Brand and his devo- 
ted wife Dr. (Mrs.) Brand, have proved that 
these can be practical achievements and not 
mere propositions. If the great Martyr 
Father Damien and Brother Joseph Dutton 
have proved that living in the midst of leprosy 
patients and serving them at far off Molokai 
in Hawaii Islands is worthy of one’s life’s 
highest objective, Drs. Brands, husband and 
wife have proved that skills in surgery and 
care of eyes can save many a patient from the 
misery of being dependent cupples and blind 
helpless creatures. 


While this in brief is the position of the 
disease, it is rather disconcerting to see that 
the prejudices against leprosy patients and the 
social shunning attitude towards them are 
still not very much on the decline. Private 
practitioners, on account of the public atti- 
tude are still hesitant to treat them like any 
other ordinary patients. Illiteracy, supersti- 
tion, ignorance, the doctrine of Karma and 
Kismat are still operating on the minds of 
millions to the detriment of the unfortunate 
sufferers who are the flesh of our flesh and the 
blood of our blood. 


We in India are now 600 million and still 
on the increase. It is calculated that we have 
about thirty two lacs (about 25% of the 
world’s leprosy population) who are suffering 
from leprosy of one kind or the other. All 
these are patients at one stage of the disease 
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or the other. We see leprous beggars on 
streets but more are seen congregating at 
fairs, temples and other places of public wor- 
ship. Most of them are ‘burnt out’ cases 
and are mostly non-infectious. There are 
lacs of others who are suffering silently and 
are on the way to dehabilitation when they 
will join the ranks of the helpless wanderers. 
But a large number of them are just affected 
and need quick detection and instant treat- 
ment which today is effective. It is obvious 
that the formation of segregated ‘leper’ 
colonies of the old type is not only impractic- 
able and impossible for such a vast number, 
but in principle, is no real remedy as it per- 
petuates the deep-rooted prejudices and social 
alienation and mental suffering. It is neces- 
sary therefore to tackle the problem as we 
tackle other diseases since an effective remedy, 
the sulfone drug for cure has been found. 
After long research and experimentation, 
the Gandhi Memorial Leprosy Foundation of 
Wardha, has been able to go about it by inten- 
sive survey, locating the patients, giving 
them presistent treatment and thus curing 
them and preventing deformities and 
dehabilitation. Rehabilitation of cured 
patients must mean the absorption of the 
cured patients with the society in general 
as they are as innocent as others. The 
government has accepted this methodology 
no doubt. But its application on a national 
scale and in a persistent manner throughout 
India, and especially in areas which are 
sensitive, is an immediate necessity. It has 
to be a national planning program till such 
time as immunity becomes a fact and/or an 
anti-leprosy vaccine is available on the re- 
quired scale. 
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Where does all this lead us to? Gandhi 
has led the way here as in many other res- 
pects. The heart and the feeling for the 
sufferer must take precedence and the lead. 
The quality of fearlessness will supply the 
required courage to tackle the problem boldly. 
Are we, who boast of our spirital culture 
to continue to be callous about the sufferings 
of our 32,00,000 kith and kin? This is a 
national problem and every Indian citizen 
worth the name has to be aware of his res- 
ponsibility to wipe out this cause of un- 
warranted suffering and see that every sufferer 
feels free to be treated openly and to the end. 
Every facility has to be given to every leprosy 
patient as to any other patient. Every doctor 
has to educate people as to the real nature of 
the disease and treat leprosy patients as he 
treats other patients. Every ieprosy worker 
should be honoured as a missionary in a 
great cause. In the meanwhile, every school 
and college, every media of communication 
should be used for educating the people of 
their duty in dealing with this agelong disease, 
which is no longer an incurable curse nor an 
easy infection. Every sufferer deserves sym- 
pathy and treatment and care: It is the duty 
of all to make the patients of leprosy feel that 
they are like any other patients, without any 
stigma attached to the disease. Such sym- 
pathy solves more than half the problem of 
leprosy. Let us all work on in the hope of a 
new day which is sure to dawn when immunity 
would be secured and/or vaceine will be 
available, both of which will mean new life 
to millions. Let Faith in the Moral Order 
of the world, hope in the great future of 
humanity, and charity towards our fellowmen 
be our guides in this as in other matters. 


CHAIRMAN’S NOTE 


R V WARDEKAR 


Gandhi Memorial Leprosy Foundation 
completed 25 years of its existence in 1976. 
But due to certain difficulties it was not possi- 
ble to observe its Silver Jubilee at that time. 
It has now been decided to do so from 2nd 
October 1977 to 30th January 1978. This 
Commemmoration Volume is a part of the 
Silver Jubilee programmes. As the Chairman 
of the organization it is perhaps expected of 
me to write a few words about us and make 
some general comments. I will be neces- 
sarily brief, as I understand from the editor, 
Dr. B. R. Chatterjee that the volume is going 
to be ‘stuffed’ with readable material of more 
tangible interest. 


After introduction of the Sulphones in 
India, this institution was the first to start 
centres to study whether it was possible to 
control leprosy by Survey, Education and 
Treatment (SET method), using Sulphones. 
Referring to the method adopted by this insti- 
tution for leprosy control, two years later 
Muir (Lep. in India, 1953: 21: 231-234) 
wrote—‘Attempts were made to start work 
along those lines in India more than 25 years 
ago, but met with very limited success at that 
time. Recently Gandhi Memorial Leprosy 
Foundation, a branch of the Gandhi Smarak 
Nidhi (Gandhi Memorial Fund) has worked 
on a scheme for setting up sample centres of 
this nature in all of the Indian states, and for 
training doctors and social workers’. Muir 
was obviously referring to propaganda, treat- 
ment and survey (PTS method) suggested by 
him years ago when Hydnocarpus oil was the 
drug for treatment of leprosy, and he also 
admitted that it ‘met with very limited success 
at that time.’ It may thus be said that without 
its knowledge this institution had in a sense 
revived the almost forgotten PTS method of 
Muir’s under the name, SET method. Poste- 
rity will judge if this institution has made any 
contribution towards control of leprosy in 
India, and elsewhere. All I can say is that 
we worked hard and with some purpose and 
direction. The Survey, Education and Treat- 


ment (SET) pattern evolved and field-tested 
by us continues to be the pattern of work in 
the country, more or less unchanged. How- 
ever, with development of new knowledge on 
the diseased host, the parasite, and the epide- 
miology of the disease, discovery of newer 
drugs and particularly the knowledge and 
appreciation of the fact of drug resistance and 
its danger, the fixed pattern of work may 
need to be modified. While the dispensation of 
treatment has to continue to be clinic based, 
exigencies of the newer developments 
undoubtedly calls for experimentation through 
field trials to develop easier-to-adminster, 
safer, more effective and cheaper combination 
of drugs. 


It gives me satisfaction to see the increasing 
awareness of the value of health education 
that we have been advocating and demons- 
trating through a number of health education 
units in the country, and a special leprosy 
health education training course at Wardha. 
A nascent debate is on whether health edu- 
cation alone is enough to bring all cases 
voluntarily to the clinic for treatment, and 
can do away with the time consuming total 
villa; “urveys that are seldom done properly, 
and on schedule. Similarly, it is being deba- 
ted whether early, single patch lesions should 
be treated or rather be kept under observation, 
thereby reducing the load on the clinic, and 
anxiety of the patient, his family and the 
community. These are some of the areas 
that need to be investigated thoroughly in well 
defined populations over a course of several 
years. Iam happy to say that the Foundation 
has undertaken field investigations to explore 
some of these areas outlined above in a new 
experimental control unit at Balarampur in 
the Purulia district of West Bengal. 


Lastly, I feel impelled to dwell a little bit on 
the subject of integration. As we all know 
the Government of India has taken the deci- 
sion to abolish all vertical health programmes, 
including leprosy, and bring everything within 
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an integrated set up. There is no doubt that 
this is the ideal arrangement in view of the 
social stigma attached to the disease that 
keeps patients away from the leprosy treat- 
ment centres for fear of identification. We 
plan vertical programmes for particular 
health problems in order to bring down the 
intensity of the problem to a manageable level 
whereby it can be tackled as any other commu- 
nity disease through the general health care 
and delivery system i.e., the primary health 
centres. There are knowledgeable writings 
in other sections of this volume that deal with 
the current state of the leprosy problem in the 
country. One need not re-emphasize the fact 
that we fight the leprosy problem on two 
fronts, the medical, and the social. This 
unique situation is peculiar to leprosy. 
I have a strong conviction that treatment 
of leprosy in an integrated set up may 
be neglected unless there is adequate 
social acceptance of leprosy. I do _ not 
want to go into the debate on whether the 
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control programme has failed or succeeded. 
All I can say is that, it has not been imple- 
mented the way it should have been, and has 
been largely neglected by the components of 
the administration that matters, viz, health 
and finance. Keeping all these in view, and 
the newly emerging knowledge on the dis- 
ease and the parasite outlined earlier that 
calls for newer field trials and re-orientation 
of the pattern of work, I feel that integration 
at this stage is premature, and may cause more 
harm than good. 


Dr. B. R. Chatterjee sportingly accepted 
the Editorial responsibility. Though the time 
at his disposal was short, he managed to 
produce the volume that contains a large 
number of articles of contemporary interest 
from many of the leading scientists and field 
workers in leprosy in India and abroad. On 
behalf of Gandhi Memorial Leprosy Founda- 
tion and myself I thank Dr. Chatterjee and all 
the contributors for their willing cooperation. 


GANDHI MEMORIAL LEPROSY FOUNDATION 


On an invitation to open a leprosy hospital 
Gandhiji wrote, ‘Get someone else to open it ; 
opening a hospital is not a big matter, but 
I shall come to close it.’ 


Gandhiji tried to remove the social stigma 
attached to leprosy in many ways, fearlessly 
handling the patients, dressing their wounds 
and otherwise looking after them, and educa- 
ting the public. How correct was his advice 
when he said, ‘There is another type of medi- 
cal relief which is a boon. It is given by 
those who know the nature of the disease, 
who will tell the patients why they have their 
particular complaints and will also tell them 
how to avoid them. Such discriminating 
relief is an education in hygiene, teaching the 
people how to observe claeanliness and to 
gain health’. It was not surprising, therefore, 
that in view of Gandhiji’s life-long interest in 
leprosy work and the need to complete the 
work in a fitting manner, the Gandhi Smarak 
Nidhi decided to take up leprosy work as one 
of the appropriate memorials to the Father 
of the Nation to be set-up in India. 


I. Birth of Gandhi Memorial Leprosy Founda- 
tion 


The Gandhi Memorial Trust, also known 
as the Gandhi Smarak Nidhi, was formed on 
17th February 1949. In response to a propo- 
sal from Shri Devdas Gandhi to take up 
leprosy work as one of the activities of the 
Nidhi, it was resolved by the trustees that 
help from the Nidhi should be given to both 
leprosy and tuberculosis work, and Rajkumari 
Amrit Kaur, (later Union Health Minister) 
was deputed to submit concrete plans for 
work in both these spheres. The Gandhi 
Smarak Nidhi considered the report of the 
Committee under the Chairmanship of Raj- 
kumariji on 26th February 1950, and in 
November 1950, the Executive Committee 
of the Nidhi with Sardar Patel in the chair 
appointed a Leprosy Advisory Board of 15 
members who were to prepare a plan for 
leprosy work of the Nidhi. This was done 
on the recommendation of a sub-committee 
which met on 28th and 29th April 1950 


where Dr. Pandit and Dr. Raja were specially 
invited. 


About two years before the formation of 
the Leprosy Advisory Board, there was a very 
significant development in respect of treat- 
ment of leprosy. This was the introduction 
of parent sulphone as a potent anti-leprosy 
drug. This new development coupled with 
Gandhiji’s outlook on leprosy described be- 
fore, his emphasis on health education and 
prevention, and the size of the leprosy problem 
were the main considerations which prompted 
the Leprosy Advisory Board to make the 
following recommendations : 


1. The aim of the Leprosy work under the 
Nidhi (or Trust) should be the control and 
eradication of leprosy in India and not 
mere relief operations. The Nidhi should 
encourage and undertake pilot projects 
wherever conditions were suitable. The 
underlying principle of these pilot projects 
should be to trace and treat all cases and 
to keep all contacts of leprosy cases under 
careful observations. 


2. It should be realised that there were 
several questions which needed to be 
answered before an effective scheme of 
control on a large scale could be worked 
out, as for instance the value of various 
types of segregation, the mode of spread 
of infection, the relative value of different 
treatments and modes of rehabilitation. 
Investigations aimed at providing answers 
to such questions should be encouraged. 


3. While the pilot projects and investigations 
would be working and evolving an effec- 
tive scheme of control and eradication of 
the disease, the Nidhi should also take up 
the work of training workers, lay and 
medical, for the service of leprosy patients. 
These should include among others, 
personnel for scientific investigations. 

4. The Nidhi should become an effective 
agency for applying new knowledge and 
for developing field work. It should also 
become an effective agency for educating 
the public and finding out effective means 
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of rehabilitating disease arrested cases of 
leprosy. 


The Board made many other recommen- 
dations and also adopted a constitution. 
Since it was not possible for the Leprosy 
Advisory Board to meet frequently it sugges- 
ted appointment of a small Executive Commi- 
ttee for supervision and execution of the 
schemes. 


Accordingly, the Gandhi Smarak Nidhi 
formed a Kushta Nivarak Salahakar Samiti 
on 6th December 1951. The following were 
its members. 


Dr. Jivraj N. Mehta — Chairman 
Dr. Sushila Nayar — Secretary 
Dr. Dharmendra — Member 
Dr. V. R. Khanolkar — . 
Dr. C. G. Pandit — u 


Shri Manohar Diwan — a 
Prof. T. N. Jagadisan — *s 


The Samiti was also to act as a central 
organisation charged with the duty of co- 
ordination of all leprosy work carried out in 
the country by official and non-official agen- 
cies. Guided by the recommendations and 
resolutions of the Leprosy Advisory Board, 
the Samiti examined the various schemes for 
(a) Training and Research, (b) Control and 
(c) Relief. Some of the schemes in the above 
categories including leprosy control in 
Wardha District, were started. The most 
important contribution was, however, the 
study of the extent of the leprosy problem 
in India. 


The magnitude of the work of Kushta 
Nivarak Salahakar Samiti necessitated servi- 
ces of a full time Secretary. As Dr. Sushila 
Nayar was engaged in many other activities, 
Dr. R. V. Wardekar was appointed as Secre- 
tary from 30th January 1952 and the Gandhi 
Smarak Nidhi decided to reorganise the 
Samiti. The name of the Kushta Nivarak 
Samiti was changed to Gandhi Memorial 
Leprosy Foundation in August 1952 and rati- 
fied by the Nidhi in April 1953. In December 
1953. the Leprosy Advisory Board was 
abolished and the Foundation was working 
as the leprosy section of the Nidhi. 


In 1961, the Gandhi Smarak Nidhi 
approved a scheme for decentralisation of its 
work and as a result the Gandhi Memorial 
Leprosy Foundation became an autonomous 
body with independent registration. From 
March 1970, the Leprosy Fund of the Gandhi 
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Smarak Nidhi has been earmarked for Gandhi 
Memorial Leprosy Foundation. 


li. The magnitude of the leprosy problem in 
India in 1951 


In 1951, it was estimated that India had 
about 15,00,000 leprosy patients out of whom 
over 3,00,000 were infectious. It was found 
that only 5 out of 100 infectious patients were 
isolated in the colonies, and only 7 out of 100 
non-infectious patients were taking treatment. 
The routine treatment in those days used to 
be hydnocarpus oil injection. The sulphones 
(DDS) were recently introduced. The only 
recommended way of control was isolation of 
all infectious cases in leprosy colonies. There 
were about 100 leprosy colonies in India 
with total accommodation for about 15,000 
patients. Thus, even to isolate all the infec- 
tious patients at the prevailing rates it would 
have involved a non-recurring expenditure of 
Rs. 45,00,00,000 and then involved a recurring 
expenditure of 15,00,00,000 annually. Insti- 
tutional isolation or segregation was therefore 
considered impracticable in the control of 
leprosy. Some leprosy colonies were no 
doubt necessary to provide for the homeless, 
grossly deformed and otherwise totally dis- 
abled patients and indeed other agencies were 
maintaining such colonies. 


There were over 1,000 leprosy clinics in 
India in 1951, but these were purely treatment 
centres and not much control work was done 
there. Only treating the known patients 
would never control leprosy. Adequate treat- 
ment was certainly essential, but it was 
necessary to make this a part of control mea- 
sures which should include finding out each 
and every patient, treatment of all the cases 
of leprosy, both early and late, keeping of a 
close observation on close contacts, educating 
the people in leprosy etc,. 


There was also the problem of the beggar 
leprosy patients, and as it is even today, this 
problem was equated with that of leprosy 
itself. 


Misconceptions, wrong information and 
ignorance about leprosy were common all 
over the country, both among the illiterates 
and educated. Even the medical profession 
was not free from that. There was almost 
total ignorance about the scientific facts about 
leprosy. Since active co-operation of the 
people was essential in all control and eradi- 
cation programmes, it was considered that 


health education of all types of people should 
receive a high priority. 


The discovery of the sulphone remedies 
called for a reorientation of policies in the 
matter of leprosy control. It was now 
possible to contemplate that most of the 
infectious patients of leprosy could be ren- 
dered relatively non-infectious within a period 
of about 2 years. The new treatment of 
leprosy was still in the experimental stage, 
but the results all over the world were so 
encouraging that Dr. C. G. Pandit was the 
first to suggest the use of the sulphone drugs 
in prevention (prophylaxis) and control pro- 
gramme for leprosy on an experimental basis. 
He emphasised the need to bridge the lag 
between knowledge and its practical appli- 
cation in the field. It was essential to collect 
reliable and dependable data for the success 
of any control programme in leprosy. 


To deal with a problem of this size large 
number of workers genuinely interested in 
leprosy work .would be needed and arrange- 
ments made for their training. It was how- 
ever not easy to get such workers. Moreover 
there were no adequate arrangements for their 
training. These were the circumstances when 
the work was to be initiated by the 
Foundation. 


II. Formulation of basic policy of Gandhi 
Memorial Leprosy Foundation ’ 


Though the ideal of the Gandhi Memorial 
Leprosy Foundation was to eradicate leprosy 
from India, it was also realised that scienti- 
fically it was unattainable in the near future. 
It was decided therefore to have as an imme- 
diate objective a high level of control so that 
leprosy ceased to be both a social and public 
health problem. 


It was decided to ascertain whether planned 
use of DDS in a population could control 
leprosy. Since medical men were not avail- 
able and since such a programme, to be 
successful, would require a large number of 
trained workers, it was decided to find out 
the usefulness of paramedical workers for 
some aspects of control work. 


In view of the above the Foundation adop- 
ted the following policy for its future work : 


1. To organise experimental field projects 
to find out practical solutions to the differ- 
ent aspects of the problem of leprosy 
control. 


2. To undertake basic field studies. 


3. To take all necessary steps to apply the 
know-how worked out by the Foundation 
in its experimental studies, for a nation- 
wide control programme. 


Accordingly, the following programmes 
were devised and implemented : 


1. Ten Leprosy Control Units were esta- 
blished. The first Unit was started in 1951 
at Sewagram near Wardha and 9 more were 
started in different parts of the country, viz. 
Chilkalapalli, Mararikulam, Parlakimedi, 
Kundahit, Sriniketan, Gorakhpur, Jamner, 
Bardoli and T. Narsipur. The last Unit at 
T. Narsipur was set up in 1955. Each Unit 
covered a population of about 25,000 with an 
estimated prevalence of 30 per 1,000. It is 
through this work that the concept of SET 
Units (Survey, Education and Treatment) was 
evolved and was adopted all over the country 
by the Government of India. 


2. Eight Health Education Units were 
established in urban areas in different parts 
of India to stimulate the local agencies and 
authorities to educate the people and study the 
effect such education had in case detection, 
encouragement in suspecting leprosy and 
consulting a doctor, inducement to take treat- 
ment, removal of social stigma, etc. This 
programme was also designed to evolve a 
practical method for Urban Leprosy Control 
Work, and to encourage the local authorities 
and the people to establish units for Urban 
Leprosy Work. 


A lot of health education material was 
prepared. This included films, coloured 
transparencies, posters, charts, leaflets, books 
etc. 


3. Programmes for adequate training of 
doctors and medical students were initiated 
and encouraged so as to ensure correct and 
factual knowledge, and development of correct 
attitude towards leprosy. Teaching aids were 
developed for this purpose. 


4. Training centres were established for 
preparing the paramedical workers and offi- 
cers who would effectively undertake work of 
leprosy control, both in the rural and urban 
areas, and participate in the projects. 


5. In order to ensure nationwide imple- 
mentation of the research findings for control 
of leprosy, the Foundation involved itself in 
the planning of the National Health 
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programmes with Central and State Govern- 
ments, and the planning commission. This 
resulted in the acceptance of control and 
S.E.T. Units as a National Policy. 


6. In spite of the early success of the con- 
trol units, there were certain problems which 
required detailed and prolonged studies. 
The Foundation engaged itself, with grants 
from the Indian Council of Medical Research, 
in a large scale mass chemoprophylaxis pro- 
ject to study the effect of DDS in preventing 
leprosy in persons below the age of 25 years. 


THE RESULTS OF DIFFERENT 
ACTIVITIES 


The Leprosy Control Units 


In the four leprosy control units, there was 
a decline in prevalence rate ranging from 
33% to 72% and also a decline in the quantum 
of infection ranging from 36% to 71.9%. 
Regarding frequency of occurrence of defor- 
mities, Dr. Wardekar has reported that out of 
1449 patients discovered in the initial survey 
in the areas of control units 26.4% had defor- 
mities but among the 2285 patients discovered 
in the subsequent follow-up survey in the same 
areas only 8.4% had deformities. This 
showed the usefulness of surveys in discovering 
patients in early stages. 


Thus out of 3734 total cases discovered in 
the units, 3159 had no deformities at the time 
of detection. Of these patients free from 
deformities at the time of detection, treated 
with sulphone and followed for 2 to 13 years, 
5.4% developed deformities. Among patients 
detected in initial surveys in virgin areas 
(where the patients had not received any 
treatment till the Foundation’s work was 
started) 26.4% had deformities. 


In the early years of work, there was appre- 
ciable reduction in the number of new cases 
(incidence) from year to year, but after reach- 
ing a certain level after about 10 years of 
work, there seemed to be no further decline. 


It appeared that decline of leprosy has 
reached a limit in the Control Units of the 
Foundation. Reasons for this new ecologi- 
cal balance were not known, but limitations 
of DDS itself could be an important factor. 
It appeared that leprosy could not be eradi- 
cated with chemotherapy alone. 


It was doubtful whether the control units of 
the Foundation will further help in throwing 
any new light on the natural history of 
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leprosy, unless drastic changes were made in 
the working so as to find out answers to 
questions such as, what could be done to 
achieve a continuous reduction in incidence, 
what factor or factors were responsible for 
the occurrence of new cases even when the 
quantum of infection in the community was 
low, etc. 


Health Education Unit 


Health Education Units were established to 
stimulate the municipal and other agencies to 
take up urban leprosy work in their respective 
areas. The work was to be based on the 
same major activities as in rural areas, viz. 
case-detection and treatment. Health Educa- 
tion was to be used for case detection and for 
treatment, the services of the usual medical 
facilities such as general practitioners, govern- 
ment and other dispensaries etc. were to be 
involved. 


After about three years of work, it was 
noticed that no agency was prepared to start 
health education units on their own, mostly 
because of limited financial resources. 


The foundation then tried to organise 
refresher courses mostly for general medical 
practitioners but the progress was very slow. 


Another group which appeared potentially 
significant because of its large-scale contact 
with the community in the course of the usual 
daily function was the teachers. As a practi- 
cal consideration, teachers under training in 
colleges of education were selected. The 
impact of this education on the school-children 
has not been evaluated. 


A lot of materials and audio-visual aids 
have been produced to educate the public, 
especially urban people. 


Work related to Rehabilitation 


Through its work the Foundation realised 
that true rehabilitation of leprosy patients was 
their return to their family and own society 
where they lived, and not to settle them 
separately elsewhere. 


Referral Hospital at Wardha 


This hospital was started to provide specia- 
lists consultation for diagnosis and investi- 
gation of leprosy patients, for treatment of 
complication, for reconstructive surgery and 
for demonstration of how referral centres 
should be established at district level or 


regional level. It has also been utilised for 
training of Medical Officers in leprosy, and 
paramedical workers and supervisors. It has 
served its purpose well. 


Chemoprophylaxis Project 


This was one of the basic scientific studies 
the Foundation undertook to find out new 
measures for the control of leprosy. 


Initial expectations in this project were 
satisfied only partially. Chemoprophylaxis 
resulted in significant reduction in the inci- 
dence of leprosy, especially among children. 
But, as in the leprosy control units, soon a 
limit was reached and there was failure to 
arrest transmission of infection completely. 


Training Programmes : 


From the very beginning of the contral 
work in the country, training of leprosy work- 
ers of various categories have been one of 
the main activities of the Foundation. Until 
the time of preparation of this report, 957 
paramedical workers in 40 batches, 88 doctors 
in 20 batches and 166 health educators in 
19 batches have been trained. The trainees 
have come from all the states of the Union, 
and from both government and private insti- 
tutions. 


NEWER ACTIVITIES 


As already mentioned earlier in this report, 
in the old control unit areas the endemicity 
has more or less come to a point where further 
experimentation or pilot trials on newer lines 
may not yield results. While at the same time, 
there is a great need for new field trials for 
devising control methods in the light of recent 
developments, newer knowledges and ideas. 
Multiple drug regimen to prevent development 
of sulphone resistance, quicker attainment of 
bacteriological negativity and interruption of 
transmission seems to be of the highest prio- 
rity. Similarly, to establish unequivocally 
the value of health education as a substitute 
for expensive mass surveys, well planned field 
studies are necessary. A new control unit has 
been started in West Bengal in Balarampur of 
Purulia District with a population of 200,000 


to experiment along these lines. Besides the 
planned studies outlined above, one other 
main point of reference is, whether the 
leprosy problem can be brought down to 
manageable proportions within a reasonable 
period of time and within the scope of our _ 
existing state of knowledge. Therefore the 
inputs in terms of manpower and latest know- 
how is going to be higher than the prescribed 
norm for a standard control unit. 


Some of the older control units where the 
prevalence rate has come down substantially, 
are in the process of being phased out or 
transferred to the government control units. 
It has been decided to continue the other units 
that still have a high enough prevalence & 
incidence rates for further experimentation 
with alternative drugs & combinations, and 
possible immuno-potentiation therapy. 


Lastly, from whatever has been learnt, from 
our own experiences and that of others’, on 
the value of health education, it is going to 
be the spearhead of the foundations activities 
over the coming years. The foundation 
would like very much to have one health- 
education bureau for each of the states of the 
Union to serve as a liaison office between 
itself, the state government and other volun- 
tary agencies, to continuously carry on health 
education and leprosy orientation of the popu- 
lation, the medical profession and health 
personnel, and organise and participate in 
seminars, exhibitions, lectures and other such 
activities that have the maximal community 
reach, to remove the fear of leprosy in the 
community, make people knowledgeable 
about basic facts of leprosy and encourage the 
medical profession, both general & special- 
ised, to take up leprosy treatment as a routine. 
Naturally, such an organization has to be 
well staffed with qualified and competent 
workers, particularly in states that are leprosy 
endemic. Financial constraints, and _ the 
problem of recruiting and holding of suitable 
men for such positions has been the main 
difficulties in the way. 


(Based on the Gandhi Memorial Leprosy 
Foundation’s Assessment subcommittee re- 
port, “In Retrospect and Prospect’. Editor.) 


Xxi 


SOCIAL ASPECTS OF LEPROSY 


R. K. MUTATKAR 


Leprosy has always been abhorred in human 
society. The social stigma attached to leprosy 
is universal in all societies, unlike the stigma 
attached to racial and untouchable groups. 
The stigma of leprosy creates a brotherhood 
of leprosy patients distinct from such social 
groups as family, class or caste. As in 
other social groups, in-groups based on the 
various stages of the disease are formed 
among the leprosy brotherhood also. The 
patients with ulcers feel closer affinity for each 
other than those with nodules or patches. 
There is no other disease the stigma of which 
unties an individual from socially recognised 
groups and binds him with stigmatised in- 
dividuals suffering from the same disease. 
One wonders whether this group formation 
is comparable to a criminal gang, a group 
of deviants. It appears, however, that the 
criminals have a status in the society and they 
evoke sympathy with a view to be reformed. 
The leprosy patients do not evoke sympathy 
in society but are rejected by one and all. 
The crisis created by social rejection and 
stigma creates a separate group of leprosy 
patients. Unfortunately the law of the land 
takes cognizance of such groups in the same 
spirit as that dealing with social deviants. 
The involvement of legislation in a chronic 
disease like leprosy further complicates the 
social problems connected with the disease. 


The social system can be understood in 
terms of continuing, structural relationships 
amongst individuals and _ groups. The 
statuses such as those of father, mother, son, 
daughter, teacher, priest etc., are universal 
and are socially defined. The structural 
relationships amongst these statuses explain 
the structure and functions of various social 
groups. Family is a nuclear group in the 
/ society, the relationships of the members 
being personal, spontaneous, emotional and 
irreplaceable. Physical intimacy is_ pres- 
cribed by the society among these relation- 
ships. Lack of intimacy is considered ab- 
normal and may lead to divorce between 


spouses. The law supports socially approved 


intimacy. 


In contrast to such a situation as seen in a 
family, touch is proscribed between caste 
groups occupying the higher and lower posi- 
tions in caste hiearchy. In India, of the total 
population of about 600 million, about 
80 million belong to the outcaste groups who 
are known as untouchables or as scheduled 
castes as per the constitutional provisions. 
These untouchables suffer from stigma and 
as such suffer from civic, social, economic and 
religious disabilities. The law is helping them 
to get over this stigma by removing the 
disabilities and by prescribing certain privileges 
to bring them to the level of other people in 
the shortest possible period. The intimacy 
between the ‘blacks’ and the ‘whites’ is also 
proscribed in most of the socio-political 
systems. It is not uncommon, even now, for 
a Negro raping a white woman, to be awarded 
punishment for 200 years. 


The untouchables and Negroes are born 
into their respective groups and are ascribed 
the stigmatised status at birth. A leprosy 
patient is driven to a stigmatised status at 
any period in his life after living a richer life 
in his social group in which he is born. 
In the life of a leprosy patient there is a sudden 
change in his status irrespective of whether 
he belongs to a particular class, caste or 
religious group. An untouchable leprosy 
patient is equally rejected by his group as a 
Brahmin patient would be by the Brahmins. 
The disease of leprosy therefore makes a 
patient more disprivileged than the socially 
disprivileged. 


The untouchables and the blacks continue 
to get their bio-psychic needs of affection 
and belongingness satisfied in their own 
families and social groups. A leprosy patient 
rejected by the society is however deprived of 
satisfaction of his bio-psychic needs. 


A human being lives in society as a person, 
i.e. as an individual occupying certain posi- 
tion, status in a social system. A man lives 
as a son, father, husband, brother and 
roductive member of the society which also 
holds true for a woman. Each person per- 
forms certain roles in a society commensurate 
with his status and for which he is trained. 
A person derives a sense of usefulness and 
fulfilment in society. Sometimes, for a limited 
period, when a person is unwell, he is given 
the status of a patient by the society. He 
is then governed by the doctor-patient 
relationship, perform the sick role which 
is accepted in his family and at his place of 
work. 


A leprosy patient however becomes a no- 
person in the society. Even many members 
of the medical profession are reticent to 
accord him the status of a patient as is given 
to persons suffering from more ‘respectable’ 
diseases. A leprosy patient ceases to hold 
his ascribed statuses of fatherhood, husband- 
hood etc, as also the achieved statuses at 
the place of his work. The status accorded 
to him of a leprosy patient is the status of 
social death, a status which has no roles in 
society to perform. 


A Hindu Sanyasi is also a no-person in the 
society. He is considered formless and 
having mastered his senses is considered 
superior to humanised deities in the temples 
who are showered with the choicest of human 
luxuries. He is bestowed with powers to 
bless these deities. A sanyasi does not belong 
to family, caste or class like a leprosy patient, 
but unlike him, rejectes membership of these 
groups of his own choice by embracing sanyas. 
He can still function as a useful member of 
the society by accepting and training disciples. 
A Sanyasi is respected in the society and is 
worshipped like God. He is considered 
fittest to attain ‘moksha’. His belongings 
are considered sacred and they may be pre- 
served by his disciples as sacred objects 
after his death. Death rites are performed on 
a person becoming a sanyasi. They are also 
sometimes performed for a person afflicted 
with leprosy. The death rites symbolise the 
cancellation of membership of the society. 
Thus, both a sanyasi and a leprosy patient 
lose their social identities or membership of 
social groups for different reasons and with 
different results. However, a sanyasi is closest 
to ‘Moksha’ while a leprosy patient is at the 
lowest rung of the spiritual ladder, being 
identified in the society as sin incarnate. 
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The disease of leprosy and the social stigma 
attached to it brings about this contrast in the 
category of two no-persons in the society. 


The blacks, the poor and the untouchables 
are not no-persons in the society. They 
may be disprivileged but they have some 
status and role to perform in_ society. 
They are made to perform very useful though 
degrading and defiling occupations in the 
society. They live in their own groups 
and derive emotional fulfilment among their 
kith and kin. The leprosy patients are 
rejected even by their kith and kin and they 
are physcially thrown out of the society 
into compulsory isolation. Whatever may be 
the reasons, even medical profession does 
not get interested in them in as much as there 
are more para-medical and social workers 
serving the leprosy patients and their cause 
than medical personnel. This is inspite of the 
fact that leprosy is primarily a medical 
problem and as a consequence, it has assumed 
complicated social dimensions. 


Why social stigma is attached to leprosy? 
Is it because the people consider the disease 
incurable? It is because they consider it a 
hereditary disease? Or is it because they 
know of the disease as a disease of de- 
formity? There are many other diseases 
which are more _ infectious, hereditary 
and bring about deformities. Small pox is 
also a dreaded disease though in Hindu 
society, it is hardly considered as a disease. 
They accept it as visitation of the mother 
goddess. Small pox . sometimes brings 
deformity though not as severe as that of 
leprosy. The small pox has been too 
common. The progress of the disease has 
been known to all. It has been known to be 
curable or fatal. It manifests itself easily 
and cannot be concealed. A person cured 
of small pox is seen to be leading normal 
life. Asa result of all these factors, no stigma 
has been attached to small pox. In con- 
temporary western society, however, small 
pox marks could also be stigmatised though 
not comparable to deformities in leprosy. 
In western society, effective administration of 
small pox vaccine has made small pox extinct 
and hence the fear of a new case exists. The 
disease has been claimed to have been 
eradicated from India also. People used 
to be afraid of Tuberculosis also but there 
was no stigma except in marital matters. 
A tuberculosis patient evoked sympathy be- 
cause the damage used to be internal and the 
exterier looked normal. Stigma cannot get 


attached to a disease condition which may 
have to be commonly experienced by people 
in all walks of life. 


A person might get deformities due to burns, 
or mutilations due to accidents. However no 
stigma is attached to the person possibly 
because there is no danger of his condition 
spreading to others. When we look at a 
person deformed due to burns, we are sure 
that we would not get it by looking at him 
or by touching him. 


In case of leprosy, people equate the disease 
with gross deformities. People harbour pre- 
judices due to ignorance about the disease. 
They do not know of the early signs of disease 
and about its slow progression. A person 
cured of leprosy, before he develops the signs 
such as nodules, does not reveal that he had 
leprosy and that he was cured. He keeps 
his experience a secret if he has been successful 
in taking the medicines secretly. This secre- 
tive behaviour is the result of peoples’ igno- 
rance about the curability of the disease. 
Even law makers talk of ‘incurable and virulent 
form of leprosy’ and make it a fit condition 
for divorce. People wrongfully associate 
leprosy with gross deformities and consider 
the disease hereditary. If such a disease 
which is ‘incurable’, ‘hereditary’ and also 
infectious, ‘definitely resulting in gross de- 
formities’ would not be stigmatised, which 
other disease would be stigmatised? Thus, 
the ignorance and prejudices have helped the 
condemnation of a person afflicted with 
leprosy. 


Unfortunately, drugs giving quick results 
have not been available, a preventive vaccine 
could not be prepared and even the epidemio- 
logy of the disease has not been clearly under 
stood. The leprosy bacillus is known for 
more than a hundred years. However, 
failure to cultivate it in the test tube has 
retarded the development of fast relieving 


drugs against leprosy. Unfortunately the 


disease does not always reveal itself to a person 
nursing it. When he comes to know of it, 
it has probably progressed enough to get 
him condemned by the society. The people 
are also ignorant about the fact that majority 
of the leprosy patients are non-infectious. 
Even the law givers reveal their ignorance 
on this point. So, the nature of the disease, 
slow progress of scientific knowledge, 
ignorance and/or indifference of the law 
givers and prejudices of the people help to 
make and keep leprosy a stigmatised disease. 


The stigma is also due to the close relation- 
ship of health aspect of culture with the reli- 
gious aspect of culture. Like many other 
diseases, leprosy also is considered as god’s 
penalty for sin in almost all the societies. 
In every culture, there are certain socially 
acceptable ideas of body image. God is 
usually the embodiment of all perfection 
including beauty. People love the film 
heroes and heroines because they satisfy the 
aesthetic instinct. It has been found neces- 
sary to raise the slogans such as “Black is 
Beautiful” as an effort to change peoples’ 
attitudes toward black people. In every 
culture, the idea of personal body image 
requires all the limbs of the body in right 
proportion and having the shape pleasing to 
the eyes. It is well known as to how women 
rushed for termination of pregnancies when 
they were told that a tranquiliser, Thalidomide - 
could lead to the birth of deformed babies. 
Deformities are aesthetically displeasing and 
since a deformed person cannot become a 
productive worker of the society, he is not 
easily tolerated in the society. ‘ The problems 
of the handicapped need no repetition here. 
People thank god when a child with all the 
limbs in their proper places is born. A 
leprosy patient who is a deformed person in 
the eyes of lay people seem to have degene- 
rated his limbs in his life time. People see 
a person born normal and then see him 
physically degenerate and suffer. Unlike in 
other untreated infectious cases, he does not 
die but he suffers. Death without suffering 
or with minimum suffering is preferred by 
people to suffering without death. Death 
is not considered as divine punishment for 
in most societies the idea of rebirth is preva- 
lent. However, suffering is considered 
as divine punishment and there can be no 
worse mental suffering than suffering due to 
leprosy. According to Hindu concept of 
body image, human body is made of three 
elements, ‘Satva’, ‘Raja’, ‘Tama’ which are 
in the descending order from the standpoint 
of spirituality. Obviously, the disequili- 
brium in these three elements is believed to 
result in the disease condition. A disease 
like leprosy would probably result when the 
spiritual element gets completely lost from 
the body. In a culture, where spirit is at 
the end close to divinity as against matter, 
a disease condition resulting from loss of 
spirituality would obviously be detested. 


A person afflicted with leprosy considers 
the future very bleak. He considers himself 
guilty of some sin if not in the present life, 
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in past life. He does not find any other 
explanation for getting leprosy. He knows 
that he would degenerate in body and would 
lose his limbs and nose. He feels certain that 
he would have to join the band of leprosy 
beggars whom he has been avoiding all these 
years. He therefore tries to hide the disease 
with the sense of helplessness and due lack of 
decision making. He accepts fate as it pre- 
sents itself to him. This changes his perso- 
nality and behaviour. In some cases, the 
person becomes a social deviant. By be- 
coming deviant, he tries to put up a brave 
face by challenging the society. A person 
tries, in vain, to postpone social death by 
postponing treatment. Once isolated and 
caged in a colony, he accepts his social condi- 
tion and tries to mix with his disease-brothers. 


The society after identifying the leprosy 
patient starts rejecting him. He is denied 
civic facilities like public transport, educational 
and employment facilities. A patient is 
disowned by his kith and kin and thus his 
socio-economic ties with the society get 
snapped. Society is afraid of the spread 
of disease. As a result of lack of scientific 
knowledge on leprosy, society choses to sacri- 
fice few individuals in the interest of the 
majority by killing the patients socially, by 
isolating them away from society. 


Recently, the High Court of Tamilnadu had 
to direct the lower courts to record the evi- 
dence of leprosy patients in their respective 
courts. The matter arose because one of the 
Magistrates ordered the ‘ex-leprosy patients’ 
to go out of the court instead of recording 
their evidence as witnesses. The High Court 
referred to the conduct of the Magistrate as 
‘reprehensible’ (NLO News letter, 1977: 
Vol. V, No. 4) 


Law makes an effort to generalise the 
prevailing social customs for social good. 
Social legislation is also used as a tool to re- 
form the society, to anticipate the change to be 
brought about in the society. The laws 
concerning leprosy in India were primarily 
enacted in the late nineteenth century and 
they continue to be on the statute books. 
The laws then did reflect the mood of the 
society. There may not have come a great 
change in social attitudes at the level of 
masses. However the medical sciences have 
advanced now. The change has come about 
in the treatment of leprosy. Infectious and 
non-infectious cases are now clearly distin- 
guished. However, the law is blind and 
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instead of reflecting the future, it continues 
to reflect the dead past. The leprosy Act 
of 1898 and the Railway Act of 1890 were 
based on the assumption that the disease 
was incurable and that all patients spread 
the disease. Special legislation about leprosy 
puts it in a special category. It demoralises 
a person from seeking treatment because he 
does not want to be subjected to law in 
health matters. If at all any legislation in 
regard to leprosy is required it is to protect 
the rights of leprosy patients as citizens of the 
State and to help them to be useful, productive 
members of the society. Protective legisla- 
tion is being provided to help the socially and 
economically disprivileged sections of the 
society by making constitutional provisions. 
Leprosy patients also require some protective 
legislation. Such legislation will help the 
process of destigmatisation and rehabilitation. 
As all people are not delinquents, similarly, 
all leprosy patients are not vagrants. But 
providing legal action against leprosy vagrants 
give an impression in the society that leprosy 
is connected with anti-social activities. 
Leprosy patients are driven to beggary due to 
prejudicial attitude of the society. The 
problem of beggary or of leprosy beggary 
cannot be solved by removing them from the 
streets. In fact, the leprosy beggars who 
move isolated on the streets do not pose 
public health problems. At regular intervals, 
the idea is mooted about the compulsory 
sterilization of leprosy patients. Such 
measures would surely drive the leprosy 
patients to discontinue, or not start treat- 
ment and try to conceal the disease. 


In India, Dissolution of Muslim Marriage 
Act 1939, special marriage Act 1954 and the 
Hindu Marraige Act 1955 provide clauses for 
separation and divorce on grounds of a spouse 
suffering from virulent form of leprosy for a 
certain period. The reasons for the in- 
compatibility of the spouses may be many. 
However when the law selects leprosy and 
leaves all other infectious diseases, it clearly 
confirms the prejudices of the society towards 
leprosy. It would be therefore much wiser 
to do without any legislation regarding 
leprosy. That would help health education 
of the people. Law is an important social 
institution and it sets the trends in the society. 
World Health Organisation has also recom- 
mended leprosy to be treated on par with other 
communicable diseases by the law givers. 
In fact, these matters need to be tdken care 
of by the Public Health Authorities and not 
by the law givers. 7 


In India, the National Leprosy Control 
Programme of the Government of India has 
been trying in collaboration with the States 
to control leprosy in the country for the last 
22 years. The assessment of the programme 
as reported by R. V. Wardekar, Chairman 
of the Gandhi Memorial Leprosy Foundation, 
suggests that the problem of leprosy has 
decreased in the areas where the programme 
has been effectively organised. However, 
there prevails a general sense of helplessness 
and despondency with regard to control of 
leprosy. The leprosy control programme has 
been channelised mainly through the leprosy 
control units and the Survey, Education and 
Treatment ( S E T ) centres. The emphasis 
has been on early case detection, mass treat- 
ment, case holding and to do all this effectively, 
health education. By and large, house-to- 
house survey have been recommended in 
rural areas and health education has been 
recommended in urban areas. In the urban 
areas, surveys are conducted in slums and 
schools. 


However, it is felt that the leprosy control 
programme lack its feet and teeth due to 
apathy of the people and non-participation 
of the people in the programme. People 
are apathetic because they lack the knowledge 
of the early signs of leprosy and continue to 
harbour the prejudices about leprosy. 
Generally, the education part of the S E T 
pattern is neglected. Gandhi Memorial 
Leprosy Foundation initiated the establishment 
of Health Education Units in certain urban 
centres. The evaluation of the Health Educa- 
tion Programme of the Gandhi Memorial 
Leprosy Foundation reveals that Health 
Education does favourably change the know- 
ledge and attitudes of the people towards 
leprosy. (Mutatkar; 1977). However, 
Health Education has not yet been taken 
seriously as an activity of the leprosy control 
programme. It has been seen that the medical 
practitioners have also been showing apathy 
towards the detection and treatment of leprosy 
in their dispensaries. The reasons have been 
attributed to lack of clinical confidence and 
the stigma of leprosy which affects the medical 
personnel also. Because of a large area of 
darkness about the knowledge of leprosy, 
many medical personnel want to keep them- 
selves away from leprosy. This helps to 
increase the suspicion and prejudices of 
common people about leprosy. 


It was considered necessary by the Gandhi 
Memorial Leprosy Foundation to offer re- 
fresher courses to the medical personnel. 


These refresher courses made them confident 
to diagnose and treat the cases in their dispen- 
saries. A patient obviously prefers to discuss 
his health problems with his family physician 
instead of getting stigmatised by entering a 
leprosy clinic. 


The leaders of the society need to be 
educated because they make the legislation 
about leprosy and influence public opinion. 
Not many specific attempts have been made 
to orient the political leaders. Leprosy con- 
trol programme cannot be effectively 
administered unless it is whole heartedly 
supported by social and political leaders. 
These leaders, themselves the products of 
social environment also suffer from lack of 
knowledge about leprosy and share the pre- 
judices with the people. The leaders who 
are supposed to mould the attitudes of the 
people need to be educated sincerely. 
Mahatma Gandhi as a social leader could 
motivate many workers to dedicate their 
energies to the cause of leprosy because he 
had educated himself about the facts of 
leprosy. 


People do not come forward for early 
detection due to ignorance and fear. They 
do not continue treatment for long periods 
because the progress of cure is slow and the 
intrinsic conviction about the curability of 
the disease is lacking. The deformities stri- 
king to the eyes continue to perpetuate the 
stigma. The stigma bars the speed and 
seriousness of the control programme. The 
ultimate remedy in breaking this vicious chain 
lies in early detection, early treatment and 
preventing deformities. This is possible if 
people get to know the early signs of leprosy 
and if the medical profession encourages early 
detection and treatment in their respective 
dispensaries and clinics. The stigma will 
disappear only when the deformity will 
disappear. With the disappearance of stigma, 
society will start treating leprosy like any 
other communicable disease. This approach 
first propounded by Gandhi Memorial 
Leprosy Foundation would hold good till 
the medical know how of quicker recovery is 
developed or till the vaccine is developed. 
From the experiences of small pox, it however 
appears that we will have to promote the 
programmes which would lead to voluntary 
reporting on the part of patients, and prompt 
and prolonged dispensation of treatment 
by all medical practitioners. The rehabilita- 
tion, and support of law would save a leprosy 
patient from social death which ultimately 
will help to eliminate the stigma. 
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APPENDIX 


Lepers Act, 1898 


The Indian Lepers Act of 1898 provides for 
(a) the segregation of beggars with leprosy, 
and (b) the control of leprosy patients follow- 
ing certain occupations or doing certain acts 
such as: (i) the preparation for sale or the sale 
of food, drink, drugs or clothing, (ii) taking 
drinking water from or bathing and washing 
clothes in the public wells and tanks, and 
(iii) the use of public vehicles, etc. This 
act is permissive Act which can be put 
into force in whole or in part by a notification 
by the Local Government. 


THE CHANGING WORLD OF LEPROSY 


Mr. A. D. Askew 


“What holds true for the individual holds 
true for the society. It is never static: if it 
does not grow, it decays; if it does not tran- 
scend the status quo for the better, it changes 
for the worse ... The moment we stand 
still we begin to decay.” 


Erich Fromm. 


Change is an essential part of life; where 
there is no change, there is death. Change 
can be disconcerting, but if we are to respond 
adequately to the needs of leprosy sufferers 
and to the needs of the leprosy programme, 
change is essential. 


The Last Twenty-Five Years 


My own career in leprosy work began 
in. November 1950 when I joined The Leprosy 
Mission staff at Purulia, in West Bengal, 
and worked there for fifteen years. Looking 
back to the 1950s one remembers the optimism 
of the early days of sulphone therapy. At 
last there was real hope. Individual patients 
were declared disease-arrested, cured. Pro- 
phets arose and produced slogans which 
suggested, even promised, that leprosy could 
be controlled within one generation, and 
perhaps eradicated in two. 


Certainly there have been great and stimu- 
lating changes in the way we deal with leprosy. 
Stemming from the introduction of sulphone 
therapy, and the new and dramatic hope 
brought by increasing knowledge of the re- 
medy and prevention of deformity, leprosy 
treatment has changed almost beyond re- 
cognition. ‘The static, inward-looking asylum 
has become a hospital, patients who were 
previously isolated for years now move 
through hospital in a matter of weeks 
or months and back to their community. 
Most indeed never need to see a hospital at 
all. In the 1950s there were some who felt 
that leprosy centres were no longer required 
at all, that everything could be achieved by 
village clinics. This radical pendulum swing 


has now moved back into balance, and the 
centre has become smaller, but also the dyna- 
mic base for an organised network of village 
clinics, paramedical workers and supporting 
facilities and personnel. 


The change has been a hard one, and has 
sometimes been more traumatic to leprosy 
workers than to patients! There are still places 
where the change is not complete, but the 
re-orientation process has gone a long way. 
These changes have brought greater hope to 
patients than ever before, education is slowly 
changing social attitudes, and greater interest 
in the problems of leprosy is being shown in 
many quarters. 


Today, governmental concern in most 
countries is stronger than ever before. Many 
countries have created their own national 
leprosy organisations to coordinate the efforts 
of official and voluntary agencies. Many 
new voluntary agencies have come into exis- 
tence. The International Federation of 
Anti-Leprosy Associations (ILEP) now 
comprises 24 full members, ranging from the 
USA to Japan, all promoting leprosy work, 
and raising funds for use internationally. 
Long gone are the days when organisations 
like The Leprosy Mission stood alone. Today 
there is more cooperative consultation, plann- 
ing and work than ever before. 


Yet, in spite of the slogans of twenty-five 
years ago, leprosy is still with us, and succes- 
sive estimates of the prevalence of leprosy 
suggest larger figures. World estimates of 
leprosy have always been approximations, and 
are usually based on incomplete and insuffi- 
cient data modified by experience. Usually 
conservative, still the tendency is to higher 
figures. Whether leprosy worldwide is in- 
creasing, or whether the higher estimates 
simply reflect more accurate information can- 
not be said with any certainty but it can be 
said that there is no evidence to suggest any 
fall in total numbers. 


The Present Position 


1. Efficient, conscientious medication can 
return patients to society disease-arrested, 
under control, and with hope restored. 


2. Training of patients can prevent much 
deformity and avoid many of the social 
and vocational problems which disable- 
ment brings. 


3. Physiotherapy and techniques of re- 
constructive surgery can remedy and 
remove some of the physical stigmata of 
leprosy, restore function and allow dis- 
abled patients to contribute economically 
to their community. 


4. Demonstrations of the effectiveness of 
modern medicine in curing disease, 
coping with complications and preventing 
the spread of infection can, coupled with 
health education, change community 
attitudes towards the leprosy sufferer. 


5. Resources, in pérsonnel and _ finance 
available for leprosy work, are growing, 
although the latter may be swallowed 
up ‘in many countries by the effects of 
inflation or the cost of leprosy control, 
as well as the future need to use costlier 
drugs to combat sulphone resistance. 


6. More patients are registered and under 
treatment than ever before, and the 
numbers continue to rise. 


Yet leprosy is still with us. 


The Need for Re-appraisal 


In spite of widening knowledge over the 
whole field of leprosy studies, of the immense 
practical efforts of the last twenty-five years, 
and in spite of the increased facilities for the 
growing number of patients under treatment, 
the situation calls for an urgent and sober 
re-appraisal. 


1. There is growing evidence that leprosy 
is not being ‘contained’. Treatment and 
control programmes have not reduced 
the prevalence of leprosy, and most 
countries are far from any real control 
of the disease. 


2. Approximately 80% of sufferers from 


amd still receive no medical care at 
all. 


3. Where treatment is available, it is often 
made ineffective by a combination of 
irregular attendance, a high drop out 
rate, and continuing social prejudice 
and pressures against the disease. 


4. There is growing evidence of the deve- 
lopment of strains of M.leprae resistant 
to sulphone. This problem has probably 
been with us for some time, but is now 
being reported with supporting proof, 
from a number,of areas. Arising from 
irregular treatment and, probably, from 
low dosage regimes this problem makes 
it imperative that accepted methods of 
treatment and control should be re- 
examined with care. 


The picture, then, is one of potentially 
effective treatment having less effect than it 
should have through a variety of circumstances 
which need to be analyzed and understood, 
so that the appropriate changes can be made 
in response to them. 


The two greatest dangers are complacency 
and dogmatism. 


Complacency 


It is easy for the leprosy worker—para- 
medical, nurse, doctor or administrator—to 
be satisfied with superficial statistics which 
show a rising number of patients found and 
registered for treatment. Many workers are 


-$§0 preoccupied with these numbers, and 


with the actual medical care of those who 
attend, that there is no time or inclination 
to analyze what is actually taking place, 
nor to plan activities directed at influencing 
events. 


Modern management, with its emphasis 
on aims and goals, and the careful appraisal 
of results, has much to teach us in organising 
our work. It is a cause for concern that 
many leprosy centres have no clearly thought- 
out policy and goals, other than the general 
one of “treating as many leprosy sufferers 
as possible’. There is need to look carefully 
at the field of work in front of us, and at our 
resources, and in what area we can best apply 
them. This may be defined in terms of the 
geographical or population limits within which 
we will work, or in deciding on the particular 
type of service we can offer, e.g. leprosy 
control, rehabilitation or other services, or a 
combination of several. 


A more thoughtful and thorough analysis 
of real statistics is also necessary to discover 
what effect, if any, a piece of work is really 
having. For example, is the number of 
patients who attend irregularly increasing or 
decreasing? What percentage of patients 
under treatment drop out within 1, 2 or 3 
years? (If it is a large percentage, then 
much of our time, effort and resources are 
being wasted, apart altogether from the danger 
of encouraging the development of sulphone 
resistance.) What are the reasons for the 
irregular attendances and drop-out? What 
changes can be made in our organisation and 
approach to improve the situation? It used 
to be said that the static leprosarium did 
nothing to diminish the reservoir of disease 
or break the cycle of infection, and that only 
outpatient clinics would do this. The point 
was a good one, but today we must admit that 
many outpatient treatment programmes are 
““static’’ in the sense that they also do little to 
reduce that same reservoir of disease and its 
consequenct suffering. In the days ahead, 
emphasis must be placed on quality and effec- 
tiveness of service rather than on sheer 
numbers, as a means to real progress. 


Another question must be asked. Do the 
expensive, time-consuming total population 
surveys carried out in many countries achieve 
what is expected? Frequently, only 80-90% 
of the population is covered anyway, some- 
times less. And is there any practical value 
(apart from the intrinsic value of statistics) 
in knowing the total number of leprosy 
patients in the area unless they are brought 
under treatment and so motivated that they 
are held under treatment? Does total popula- 
tion survey achieve a greater percentage of 
patients under regular treatment than a 
network of village clinics coupled with an 
effective health education programme? 
It would be instructive to know. 


Dogmatism 


Each new insight into leprosy treatment is 
hailed as the ultimate answer to the problem. 


For many years, workers believed that 
leprosy control could be achieved by isolating 
infectious cases, either in leprosaria, or 
through home segregation or night-segrega- 
tion. The coming of sulphone brought the 
proposal that mass campaigns—the wide- 
spread distribution of sulphone, often without 
supporting facilities of any kind—would 
control leprosy in one or two decades. A 


widely advocated corollary was that time and 
money spent on ulcer care, shoe programmes, 
and surgery was wasted. Concentration on 
early treatment would lead to control with- 
out the other services. It is now realised 
that these ancillary services are vital, because 
motivation of patients must include meeting 
their felt needs and often the need the patient 
feels is not for a small white tablet to combat 
an unseen and not well-understood infection, 
but the need for a remedy for his plantar 
ulcer, or an understanding of anaesthesia 
and why he keeps damaging his hands. 
Without this, confidence in his basic sulphone 
therapy evaporates and he joins the ranks of 
those we label ‘absentee’ or ‘defaulter’. A 
later proposal was made that when it was 
very difficult to treat all leprosy cases in an 
area, proirity should be given to treatment 
of lepromatous cases in order to reduce 
their bacillary load. Even if treatment was 
intermittent it was said that it would reduce 
the load to some extent and thus do some 
good, by limiting the number of highly bacil- 
lated patients who were spreading the disease. 
With the wisdom of hindsight, the emergence 
of sulphone-resistance suggests that this pro- 
posal was not a very felicitous one. 


And so one could go on. The purpose 
of these comments is not to deride past theory 
and practice because much has been learned 
through the application of such methods, 
and progress cannot be made without error. 
The purpose is to reinforce a plea against 
the dogmatism which catches hold of the latest, 
fashionable theory, and promotes it to the 
exclusion of all else. 


Recently emphasis has been placed on the 
integration of leprosy into general health 
services. The proposal is logical and may well 
be correct if it is achieved at the appropriate 
point in the evolution of health services within 
a country. But its uncritical acceptance 
has, in some countries, resulted in the un- 
loading of responsibility for leprosy treat- 
ment onto unwilling cadres of general medical 
workers, without the necessary training and 
skills. The result can be the setting back of 
leprosy control by many years. 


Again, the emphasis must be on the careful 
appraisal of dogmatic assertions, the recogni- 
tion that what may be appropriate in one set 
of circumstances is not necessarily so else- 
where, and that an essential pre-requisite to 
further progress is innovation: freedom to 
modify present programmes and to experi- 
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ment (responsibly and with due regard to the 
well-being of our patients) with new ones. 


It is at this point that voluntary agencies 
have an advantage over governmental ones. 
While Voluntary Agencies must cooperate 
willingly and fully with government, the V.A. 
has an inherent flexibility which government 
health services lack by their very nature. 
Frequently, innovation will be part of the 
V.A.’s responsibility, and the role of a wise 
administration will be to allow V.A.s suffi- 
cient initiative and freedom for the develop- 
ment of new ideas. 


An example of the new approaches which 
require to be made is the present need for 
deep and sensitive study of the leprosy 
situation through the patients’ eyes and feel- 
ings. Modern behavioural insights, relating 
both to individuals and to groups, can help 
us to a deeper understanding of motivation, 
education and e.g. the real underlying causes 
for irregular attendance. It is not enough to 
make treatment available. We need to know 
why patients do not always accept it. 


The Future 


In predicting the future it is important to 
guard .against the dogmatism which has 
already been criticised above. The following 
suggestions are made with some knowledge 
both of present trends, and of weaknesses 
present in some leprosy programmes today. 
Tomorrow’s leprosy programme will need to 
include: 


1. Control in depth. Present staff: patient 
ratios, e.g. one paramedical worker to 
25,000 rural population, may have to be 
revised in the direction of more staff 
in order to achieve better motivation and 
supervision of patients under treatment. 
Closer follow up of absentees, the 
achievement of better attendance re- 
cords, will be essential, not only for the 
good of the individual patient, but 
also to lessen the risk of further develop- 
ment of sulphone resistance. This will 
inevitably lead to higher costs, but may 
also lead to more effective control of 
leprosy than present methods have 
achieevd. 


2. The use of Alternative Drugs. Wider 
use of the present alternative drugs will 
probably be essential to combat sulphone 
resistance. The present alternatives are 
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expensive (clofazamine) or very expen- 
sive (rifampicin). ' Their use will have to 
be carefully debated, assessed and con- 
trolled, but inevitably they will be needed, 
unless newer and cheaper alternatives 
can be found. 


. Coordination of Research. Commend- 


able efforts have already been made by 
WHO in coordinating research into im- 
munology and the possible development 
of a specific vaccine (through IMMLEP) 
and in chemotherapy (THELEP). More 
will be needed, with continued efforts 
by National governments, WHO, and 
Voluntary Agencies. 


. Training. Standards of training, and 


of trainees, is improving steadily. There 
are more recognised centres for training 
workers now than ever, but with little 
coordination or comparison of standards 
of training between one centre and ano- 
ther. This needs remedying. 


Training centres concentrate largely 
on the initial, basic training of doctors, 
paramedical workers and others. In- 
sufficient thought has been given to re- 
fresher courses, re-training and further 
training. For example, at present para- 
medical workers, usually 20-30 years 
old, are given 6-8 months’ initial training 
and are then expected to give many 
years of service, often demanding consi- 
derable initiative, dedication and relative 
isolation in rural areas. As_ the 
spearhead of leprosy control their motiva- 
tion and encouragement is essential. 
Regular referesher courses will be needed, 
together with a more carefully and 
clearly defined career structure which 
recognises hard work and talent, and 
rewards it with higher responsibility and 
job satisfaction. 


. Improving Standards of . Care. The 


need to develop and maintain better 
supportive services for leprosy sufferers 
is urgent. Only when control pro- 
grammes deal adequately with the com- 
plications of a patient’s condition, and his 
social problems, will the effectiveness 
of our programmes improve. Improved 
standards of care do not call for more 
lavish buildings or expensive medical 
equipment, but for a better understan- 
ding of the patients’ needs, better training, 
and the willingness to help. 


6. More and Better Education. Education 
still has to begin with doctors, nurses, 
and others who form or influence public 
opinion and reaction to leprosy, but 
must permeate right through the commu- 
nity. Increasing the techniques of 
communication and the use of mass 
media will be used, but these will never 
replace the observed behaviour of leprosy 
workers towards their patients. 


All these will play a part in progress towards 
control of leprosy, and all of them will call 
for changes in our work. The criterion for 
judging change must be whether or not it is 
for the good of the patient and the programme 
rather than how it will affect the worker. We 
are here to serve the sufferer, not to 
perpetuate our own methods or status. And 
it is the welfare of the patient that we must 
continually watch. 


Treating the Patient as an Individual 


The well-being of individual patients is not 
an optional extra to which we occasionally 
turn the attention of our social worker, if we 
happen to have one on the staff. The single, 
most important factor in effective leprosy 
treatment, today and tomorrow, is what the 
individual patient feels about the worker 


and the treatment he is given. Good 
buildings and equipment, trained personnel, 
and reliable vehicles contribute much to a 
leprosy treatment scheme, but if the service 
they deliver is cold and impersonal, if the 
patient is treated only as a number in a 
register, and if improvement is not seen to be 
taking place, the scheme will not be effective. 
Long term, regular clinic attendance depends 
on establishing and maintaining the patients’ 
confidence in the staff and the care they offer. 


Confidence is built up by good human rela- 
tionships. The greatest damage which leprosy 
causes is not plantar ulceration or clawhand, 
but the destruction of human dignity and the 
devaluation of personality. This must be 
remedied in the mind of the patient himself, 
and in the collective mind of the community 
by respecting the patients dignity, by efficient 
medical care, by effective and understanding 
community education, and by accepting and 
treating the leprosy sufferer’s needs in terms 
of his full personality, body, mind and spirit. 
For full health the patient needs medicine, 
the opportunity to contribute something of 
value in his community, and a living hope 
for the future. Change must be directed 
towards the fuller achievement of these 
things. 
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THE WORLD HEALTH ORGANIZATION IN 


LEPROSY CONTROL 
H SANSARRICQ*, J WALTERS, K S SEAL* 


The role of the World Health Organiza- 
tion (WHO) in combating any disease which 
represents a public health problem is essen- 
tially determined by the World Health Assem- 
bly through successive General Programmes 
of Work. Within this framework, WHO 
acts accordingly on requests of individual 
governments, subject to availability of bud- 
getary resources. 


In July 1948, the First World Health Assem- 
bly decided that leprosy should be given num- 
ber six priority. A panel of experts on 
leprosy was set up in 1950, and the First 
Expert Committee on Leprosy was convened 
in 1952. The Leprosy Unit in the Head- 
quarters of WHO was established in 1958. 


The WHO General Programmes of Work 
are established for five-year periods. WHO’s 
Fifth General Programme of Work covering 
the period 1973-1977 inclusive, and the 
Sixth (1978-1983) refer to leprosy as a com- 
municable disease of major public health 
importance. In Africa (excluding North 
Africa), the Americas and Asia, governments 
of developing countries considered leprosy 
as a public health problem in 1957-1960 and 
again in 1965-19681. The Sixth General 
Programme of Work states that “leprosy 
will be the subject of an increased research 
effort under a special international programme 
for tropical diseases as well as under national 
control programmes in which the Organiza- 
tion will cooperate’’. 


The Twenty-seventh, Twenty-eighth and 
Twenty-ninth World Health Assemblies in 
May 1974, May 1975 and May 1976 adopted 
three resolutions on the coordination and 
strengthening of leprosy control, as well as 
on the intensification of research activities. 


For a better understanding of the WHO 
role in leprosy control we would like first to 


recall briefly the WHO organizational frame- 
work. In WHO structures there are three 
levels: (a) country, (b) regional, and (c) global. 


The country level corresponds to the 
national programmes where the WHO contri- 
bution is based on the role of the WHO 
representative, who is the focal point for all 
activities involving WHO cooperation. 


The regional level is represented by the six 
WHO Regional Offices in the different WHO 
Regions (in Brazzaville, for the African 
Region; in Washington, for the American 
Region; in Alexandria, for the Eastern 
Mediterranean Region; in Copenhagen, for 
the European Region; in New Delhi, for 
the South-East Asia Region; and in Manila, 
for the Western Pacific Region). 


The global level is symbolized by the WHO 
Headquarters in Geneva. 


The Regional Offices provide their assis- 
tance to control activities in countries on 
governments’ requests. As for Headquarters, 
it is in charge of the research programme 
in its definition, and then for providing support 
to institutions which, in different countries, 
are implementing individual research projects. 
In addition, Headquarters is responsible for 
overall coordination, and ensures particularly 
that technical orientations are maintained in 
conformity with the most recent advances 
in knowledge through Expert Committees 
or Study Groups. 


There is a growing and welcome trend for 
more emphasis to be given to direct technical 
cooperation at the country level. In addi- 
tion, efforts are made to decentralize WHO 
coordinating activities giving more im- 
portance to the role of the Regional Offices 
particularly in the WHO research pro- 
grammes. The responsibility for leprosy 


* Chief Medical Officer, Leprosy Unit, WHO, Geneva, Switzerland 
b Medical Officer, Leprosy Unit, WHO, Geneva, Switzerland 


¢ Plymouth, England 
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control activities has rested with Regional 
Offices for some years already. 


We will now discuss the different WHO 
activities relevant to leprosy control under 
the six following headings: 


Assessment of the leprosy problem; 
Policy guidance; 

Coordination; 

Technical cooperation; 

Manpower development; 


Se et Bae 


Research. 


1, Assessment of the leprosy problem 


The actual number of cases requiring treat- 
ment in the world remains difficult to esti- 
mate. 


The first attempt to provide realistic figures 
of the number of leprosy cases in the affected 
countries of the world was made in 19667. 
The data used were based primarily on the 
figures given in reply to a WHO question- 
naire supplemented by various reports of 
WHO staff and consultants, data from litera- 
ture and official reports published by govern- 
ments or international organizations. The 
low level of the case-finding in most coun- 
tries and the generally poor health informa- 
tion systems then existing clearly indicated that 
the totals of the reported cases were far less 
than the true total. The extent of some of 
these divergences was demonstrated by the 
survey work of the WHO Leprosy Advisory 
Team in a number of countries of Africa, 
Asia and South America. From the ex- 
periences of this team an arbitrary multi- 
plication factor was devised for calculating 
total estimated cases from registered cases 
which depended on an evaluation of the 
efficiency of the case finding and the coverage 
of the country by health services. 


Thus, in 1966 there were 2,831,755 regis- 
tered patients of whom it was estimated that 
68% were actually receiving treatment. 
A conservative estimate of the total cases 
throughout the world was 10,786,000, sugges- 
ting that only about 18% of the total esti- 
mated patients were receiving treatment. 


A review of the situation by WHO in 
1970, when improved data from some 
national leprosy control programmes be- 
came available, gave no grounds for thinking 


that the total number of cases throughout 
the world had changed significantly. Thus, 
the number of leprosy cases estimated by 
WHO in 1970 by continent was as follows: 


Africa 3,509,000 
Americas 344,700 
Asia 6,471,400 
Europe 49,300 
Oceania 32,800 

Total 10,407,200 


In addition, it was estimated that as many 
as 33% of all registered patients, in global 
figures about four million, may be expected to 
have some disability, and of these two million 
were suffering from a severe deformity of 
face or extremities. 


A numerical appraisal of the present day 
situation is scarcely less tentative than that of 
1970 because so few countries have accurate 
reporting systems for leprosy. 


There is an urgent need, if an accurate pic- 
ture of leprosy prevalence is to be gained, 
for a comprehensive and standardized system 
of reporting, and WHO has already com- 
missioned and completed an analysis of cur- 
rently used leprosy information systems 
throughout the world. An _ information 
system is now being developed which will 
provide data for epidemiological surveillance 
and which will be simple enough to be gene- 
rally acceptable by countries and can be an 
integral part of the projected general WHO 
Information System. 


Apart from the inaccuracies of data collec- 
tion, some consideration has to be given to the 
following important facts. 


(1) The rapid expansion of the popula- 
tion in those countries where leprosy is most 
commonly endemic increases the number 
of persons at risk of exposure to the disease. 
It is not known whether the incidence of new 
cases has increased or whether there is a rise 
in absolute numbers. The Fifth Expert 
Committee on Leprosy, 1976°, stated that the 
overall reductions in the number of leprosy 
cases achieved .by leprosy control measures 
in recent years may have been offset by the 
greater numbers of persons at risk. 


(2) In a number of countries with leprosy 
programmes, the official statistics show little 
reduction in the total number of patients 
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receiving treatment. This is in part due to 
the reluctance of health staff to discharge 
patients who have received adequate and 
successful treatment. This is believed to be 
true in several countries in West Africa and 
South-East Asia. In fact, random sample 
surveys in countries such as Burma (1974), 
Thailand (1973) and Upper Volta (1974-77) 
have shown prevalence reductions of 70% 
to 75% over ten to fifteen year periods. 


During 1976, questionnaires were again 
distributed by WHO through Regional 
Offices to countries to assess the leprosy 
situation. Full results are not yet available 
and, while some countries report a reduction 
in prevalence, any global appraisal of the 
situation must await complete analysis of the 
returns. However, in 1975, the WHO South- 
East Asia Regional Office collected updated 
information which is given in Table 1. 


TABLE 1 


SOUTH-EAST ASIA REGION 


SUMMARY OF DATA CONCERNING GEOGRAPHICAL DISTRIBUTION OF LEPROSY 
IN SOME COUNTRIES OF THE REGION AT 31 DECEMBER 1974 


Country Pop. Census 
year 
Bangladesh 41,479,071 
(1974) 
Burma 28,885,867 
(1973) 
India 547,000,000 
(1971) 
Indonesia 129,083,000 
(1974) 
Maldives 131,857 
(1975) 
Nepal 11,555,983 
(1975) © 
Sri Lanka 14,000,000 
(1975) 
Thailand 45,000,000 
(1975) 


955,135,788 


Registered? 
cases thousands 


18,100 


248,742 


. 1,320,000 


OT AST 


11,614 


43,616 


1,748,468 


Estimated | Overall 
prevalence 
per 1000 


cases in 


1,333 


7,860 


] The cumulative number of released from control cases is difficult to obtain and could not be included in this 
column. The difference between registered and estimated cases would therefore not be deducatable from this 


table. 
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2. Policy guidance 


The technical policy of WHO in the field 
of leprosy, as well as in other diseases, is laid 
down in WHO Expert Committee recom- 
mendations. Expert Committee meetings 
on leprosy have been convened, in addition 
to the first 1952 meeting, in 1959, 1965, 1970 
and 1976. 


The main way by which these technical 
orientations are disseminated is the publica- 
tion of technical reports. For leprosy, each 
of the five Expert Committee meetings 
resulted in the publication of one of these 
technical reports®® 769, Of the Ist to 
4th Expert Committee reports, some 24,000 
copies have been distributed. 


Similarly, the Leprosy Unit published a 
Guide to Leprosy Control in 1959 which 
was revised in 1966. More than 2500 copies 
have been distributed. 


In 1952, the Expert Committee recom- 
mended the abolition of compulsory isolation 
of leprosy patients, and that leprosy control 
should be based on early detection and 
ambulatory regular treatment of patients®. 
Later on, WHO emphasized increasingly the 
abolition of isolation. 


In 1965’ the Expert Committee advised that 
countries with limited resources should 
concentrate their efforts on treatment and 
follow-up of infectious cases and on 
surveillance of their contacts. 


Since 1962 increasing emphasis has been 
put on the need to integrate leprosy control 
programmes as much as possible within the 
activities of the general public health services. 


We shall now discuss in more detail the Fifth 
meeting of the WHO Expert Committee 
on Leprosy, which was convened from 
19—25 October 1976. Preparations for the 
Committee began with informal consultations 
with 57 members of the Expert Advisory 


Panel on Leprosy. The views of experts in’ 


tuberculosis and public health were also 
sought, bearing in mind the need for leprosy 
control to be an integrated service within the 
general health care system. 


The Committee, after a review of the present 
situation, has sought to give guidance in the 
programming and management of leprosy 
control®. Particular emphasis has been given 
to the manpower formation aspects, the 
deployment of staff and the supervisory 
organization, and of the assessment of the 


activities by the fixing of operational miles- 
tones and output targets, and by the definition 
of the most important operational and 
epidemiological indicators. 


In the area of chemotherapy, the Com- 
mittee was confronted with two major prob- 
lems of dapsone resistance and microbial 
presistence. To meet these hazards, the 
Committee made recommendations for com- 
bined regimens, keeping in mind economic 
considerations, involving the use of clofazi- 
mine and rifampicin to be introduced for 
multibacillary cases only. 


The vital need for adequate information at 
national level on leprosy prevalence and 
morbidity was reflected in the recommenda- 
tions. As a first step to meeting this need, 
an analysis was made by a collaborating 
centre of the various individual clinical re- 
cords and reporting forms used by 78 control 
services in 45 countries of Africa, Asia, the 
Americas, Oceania and the Philippines. It 
is planned to develop a system which will 
provide standardized information of an ele- 
mentary nature, collected directly by health 
staff at peripheral level. On the basis of 
these data national figures can be derived and 
used at Ministry level to allow an assessment 
of the programme. 


From these recommendations the principal 
approach to leprosy control will be: 


1. The improved programming and 
management of leprosy control acti- 
vities. 


2. The development of multidisciplinary 
manpower. 


3. The gradual build-up of an integrated 
country level information system. 


4. The strengthening of research acti- 
vities, particularly those to be carried 
out within the WHO Special Programme 
for Research and Training in Tropical 
Diseases. 


3. Coordination 
3.1 UNICEF 


In 1953, the UNICEF/WHO joint Com- 
mittee decided to include leprosy among 
the diseases for which both Organizations 
would provide coordinated assistance. 
Following this decision, while WHO has 
continued to provide expert services, UNICEF 
has supplied drugs, equipment and vehicles. 
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The Report of the Twenty-first Session of 
the UNICEF/WHO Joint Committee on 
Health Policy, 21 January—2 February 
1977, “emphasized that communicable 
diseases are still of paramount importance in 
the developing world’’, and affirmed the neces- 
sity for commitments of 5-10 years if the 
proper actions in this field can be undertaken 
at country level. Leprosy falls within the 
group of diseases in which control is being 
attempted by chemotherapy. Experience 
shows that a well conducted active case- 
finding and case-holding programme can 
confidently expect to produce a substantial 
fall in the prevalence and of possibly the inci- 
dence of new cases within 10-15 years. 


The Joint Committee has recommended the 
principles of primary health care as a commit- 
ment in their collaboration with countries, 
special emphasis being placed on community 
participation. The latter has always been a 
tenet of leprosy control programmes and is 
essential for success in control. 


UNICEF assistance to leprosy programmes 
has two components, a major one of supplies 
and equipment, comprising transport, medical 
equipment and drugs, and a smaller compo- 
nent in cash terms representing stipends for 
trainees in the lower echelons of health staff. 


3.2 COOPERATION WITH NON-GOVERNMENTAL 
ORGANIZATIONS (NGOS) AND MULTI- 
LATERAL AGENCIES 


(a) Non-governmental Organizations 


A close relationship has been maintained 
for many years between the International 
Leprosy Association (ILA) and WHO. 
Although the ILA has a very limited budget 
it has considerable and important connexions 
with other foundations and voluntary agen- 
cies. Expert assistance for both WHO and 
aS are drawn from the same professional 
pool. 


Technical and scientific committees of the 
ILA, and to a similar degree also of voluntary 
agencies, have a profound interest in the public 
health approach. Routine use is being made 
of the ILA medium (the International Leprosy 
Journal) and of ILA sponsored meetings for 
publicizing WHO policies, objectives and 
programmes. 


It is of special interest that the Inter- 
national Union Against Tuberculosis has 
recently started cooperating with the Inter- 
national Federation of Anti-leprosy Asso- 
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ciations (ILEP) and other voluntary organiza- 
tions with the aim of supporting programmes 
of either tuberculosis/leprosy combined acti- 
vities, or integrated public health programmes 
with tuberculosis and leprosy components. 


(b) Voluntary agencies 


The International Federation of Anti- 
leprosy Associations (ILEP) which represents 
over 24 voluntary agencies from 16 donor 
countries, maintains close cooperation and 
liaison with WHO. As an expression of this 
long-term liaison mechanism, the Fifth WHO 
Expert Committee on Leprosy (1976) recog- 
nized that a large proportion of leprosy 
patients at present are treated by voluntary 
agencies and made specific recommendations 
on the role of voluntary bodies in national 
leprosy programmes and technical coopera- 
tion®. There is now a general appreciation 
among voluntary agencies seeking to help 
patients that their action should be an 
integral part of, or closely coordinated with, 
government programmes. In several coun- 
tries such as India, the Republic of the 
Maldives, Indonesia, Nepal and in some 
African countries like the Sudan, ILEP 
member agencies are providing valuable 
contributions to the development of rural 
and urban community based health facilities. 


Research has a high priority as also has 
training. ILEP supports seven training pro- 
jects, of which three are institutions providing 
courses at international level: Ethiopia 
(ALERT), India (Vellore) and Liberia (Ganta). 
Rehabilitation continues to be a particular 
concern of ILEP member associations. 


The efficacy of the services provided by 
voluntary agencies in the context of public 
health depends greatly on the support and 
recognition given by governments to their 
work. Full participation by the responsible 
staff of the voluntary agency in the planning 
and organization of the leprosy services 
nationally fosters good cooperation and 
coordination of effort. 


This can often be achieved by the establish- 
ment of a National Leprosy Consultative 
Board or Committee, which may in large 
countries be formed at regional levels. Such 
an Advisory Board heightens the interest in 
leprosy control as a national goal, leads to 
a better appreciation of the needs of each 
area and hence to a wiser allocation of total 
resources. 


Many countries benefit from the resources 
of voluntary agencies not affiliated to ILEP, 
and some have nationally established Leprosy 
Foundations. 


4. Technical cooperation with governments 


_ The Headquarters Leprosy Unit provides 
information, coordination and programme 
support services. At Regional level, the 
American Region has an Adviser on Leprosy 
and Venereal Diseases, and the Western 
Pacific Region an Intercountry Leprosy Con- 
trol Adivsory Services Team for the South 
Pacific established in 1976. In the Africa 
and South-East Asia Regions, which include 
the countries most affected by leprosy, there 
are medical officers with special qualifications 
in leprosy. 


Since 1950, WHO has cooperated with 
governments in about 50 leprosy control pro- 
jects. In practice this cooperation was often 
achieved through field advisers working in 
close cooperation with nationals who took 
over the responsibility of the programme when 
the WHO experts left. This period of direct 
technical cooperation by the Organization 
with field advisers to assist in the development 
of leprosy control services had been phased 
out by 1970. There are still, however, a few 
WHO field staff in countries where particular 
circumstances have made their appointment 
or retention desirable. 


With these exceptions, regular budget funds 
for country technical cooperation are used to 
provide the services of short-term consultants, 
fellowships, and a small component of supplies 
and equipment. 


The present situation can be summarized 
as follows : 


4.1 AFRICA REGION 


In the Africa Region, leprosy control servi- 
ces are integrated into epidemiological or 
strengthening of health services projects and 
do not appear in the WHO Programme 
Budget as leprosy advisory services. 


In Upper Volta, the Government and WHO 
have cooperated with a number of voluntary 
agencies in a combined leprosy/tuberculosis 
random sampling survey, which has recently 
been completed (1977). This was of parti- 
cular value in confirming the considerable 
reduction in the prevalence of active cases 
(75% reduction) resulting from the intensive 
antileprosy activities by mobile units in past 


years. The results of this assessment indicate 
that other countries, namely, Ivory Coast, 
Benin, Niger, Mali, Mauritania, Senegal and 
Togo, which have pursued similar pro- 
grammes within a subregional Organization, 
the Organisation de Coordination et de Co- 
opération pour la Lutte contre les Grandes 


’Endémies (OCCGE), and Chad, Central 


African Empire, Cameroun, the Congo, simi- 
larly cooperating within the Organisation de 
Coordination pour la Lutte contre les Grandes 
Endémies en Afrique Centrale (OQCEAC), 
might also find a significant decline in the 
true prevalence. 


The same Upper Volta project sought to 
explore the feasibility of combining leprosy 
and tuberculosis activities in the field. This 
approach is being increasingly used, for ins- 
tance, in Venezuela, Bangladesh, Nepal and 
the Maldives, and may have wide application 
for many countries both in Africa and else- 
where. 


4.2 AMERICA REGION 


In the ten-year health plan, 1971-80, those 
countries which considered leprosy to be a 
national problem have set themselves goals 
for 1980 in the reduction of prevalence. 


Technical cooperation for the development 
and evaluation of leprosy control services is 
provided through the services of a WHO 
leprologist based in Caracas and through the 
PAHO/WHO International Centre for Train- 
ing and Research in Leprosy and Related 
Diseases, also in Caracas. 


4,3 EASTERN MEDITERRANEAN REGION 


During 1976, one country had consultant 
services, supplies and equipment, as well as 
fellowhips ; another entered upon the opening 
phase of direct field assistance by a medical 
officer ; a third received supplies and equip- 
ment. 


4.4 SouTH-EAsTt ASIA REGION 


In 1975, a Regional Committee Resolution 
“emphasized the urgent need for coordinated 
and concerted efforts on the part of the 
governments, international and _ voluntary 
organizations and bilateral agencies to come 
to grips with the problem of leprosy within a 
short time’. Consequent upon this, an Inter- 
country Consultative Meeting on Leprosy was 
held in New Delhi in December 1975, at which 
representatives from seven Member States 
reviewed the magnitude of the problem, 
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strategies for control and areas for research’. 
Targets were laid down for case detection in 
endemic areas, for treatment delivery and 
for intensification of population coverage. 
Collaborative field studies were planned on the 
reduction in bacterial load in lepromatous 
cases produced by different drug regimens 
including combined therapy. 


The WHO BCG trial in Burma was termi- 
nated. In the same area consultants have 
assisted the Government, with Regional Office 
support, to develop a research design for a 
rifampicin clinical trial, and long-term results 
of the BCG trial are being evaluated. 


In this Region, WHO is at present coopera- 
ting with the governments of five countries in 
the strengthening of their leprosy control 
activities. Among these, India intensified its 
case-finding and case-holding services to the 
hitherto unsurveyed high and moderately 
endemic areas. 


In those countries (Burma, Thailand) where, 
because of the high endemicities, specialized 
leprosy control services were established, 
operational studies are now being conducted 
to ascertain the best way in which integration 
with the health services can be effected. 


4.5 WESTERN PACIFIC REGION 


As from 1977 a Regional Leprosy Advisory 
Team has been established for the next three 
years to undertake epidemiological and assess- 
ment surveys, and to guide health authorities 
in the operation of leprosy programmes in the 
South Pacific. This is the most effective 
approach for widely dispersed territories, and 
will create an efficient information system 
with the prospect of regular appraisals. 


WHO cooperates with the governments of 
two countries in their leprosy control pro- 
grammes. 


5. Manpower Development 


In recent years many countries have built 
up their own training institutions for the 
instruction both of general health and specia- 
lized staff, particularly of paramedical and 
auxiliary personnel. 


Three hundred and one fellowships were 
awarded during the period 1960-1974. The 
distribution among the Regions being : Africa, 
127 ; America, 76 ; Eastern Mediterranean, 
28 ; South-East Asia, 106; and Western 
Pacific, 52. By 1976, awards had fallen to 
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six. With the establishment of a Regional 
Training and Research Centre at Caracas 
(Venezuela), and well-established centres for 
Africa in Addis Ababa (ALERT), Dakar 
(Senegal) and Ganta (Liberia), and for South- 
East Asia in India at Chingleput and Kari- 
giri, well organized formal courses of inter- 
national standing are available for the health 
staff of all endemic countries. 


Regional seminars and inter-country group 
educational activities have since 1958 been 
invaluable for training the higher echelons of 
national public health staff and in an exchange 
of views on strategy and leprosy control acti- 
vities. More recently the WPRO has com- 
bined these seminars with tuberculosis (1969 
and 1974). 


There is need for a long-term plan for man- 
power formation in most countries and to 
implement such plans up-to-date trained 
teachers for leprosy control are required. 
WHO technical cooperation in this area would 
be of great practical use, and provision has 
been made for this in 1978 and 1979 in the 
regular budget. 


An International Workshop on Leprosy 
Training in Asia took place in Bangkok 
(25-29 November 1976) with representatives 
from ten Asian countries and from various 
voluntary agencies (ILEP). The Workshop 
was sponsored jointly by the Government of 
Thailand and the Sasakawa Memorial Health 
Foundation (SMHF) with the technical parti- 
cipation of WHO. It stressed the need for 
raising the quality of country level training. 
As a first practical measure, a fact-finding 
mission will be assembled in 1977 to visit 
leprosy and other training institutes including 
Schools of Public Health in the various coun- 
tries ; to identify existing or potential leprosy/ 
public health training centres suitable for 
international training ; to make an estimate of 
the training needs for leprosy control for the 
coming five years—the needs being established 
as part of or within the country health man- 
power formation requirements. 


A Workshop on the Chemotherapy of 
Leprosy was held in Manila from 26 January 
to 2 February 1977. This meeting was ini- 
tiated by SMHEF and jointly sponsored by the 


‘Government of the Philippines with WHO 


technical cooperation. This Workshop made 
practical recommendations on various regi- 
mens of combined chemotherapy for patients 
with the multibacillary forms of leprosy, which 
were consistent with the recommendations 


made by the Fifth Expert Committee on 
Leprosy, October 1976. 


It is the intention of the SMHF to sponsor 
further Workshops in cooperation with 
governments in Africa, Asia and South Ame- 
rica. 


6. Research 


The limitations of the available means for 
leprosy control have become evident over the 
years, and it has been WHO’s continuous 
concern to stimulate research aimed at provi- 
ding better methods for the reduction of the 
leprosy problem. 


In the last two decades WHO has supported 
collaborative research in the entire field of 
leprosy including studies on the biology of 
M. leprae and attempts at its cultivation, 
development of animal models, drug trials, 
diagnostic procedure and pathology of the 
disease. Special consideration has been given 
to the possible preventive action of BCG 
vaccine through a trial started in Burma in 
1964 covering about 28,000 children under 14 
years of age and still being followed. In this 
trial, protection was found to be limited to 
about 20% of the children between the ages of 
0-14 years ; in addition the trial has enabled 
valuable epidemiological data to be collected. 


Operational studies have been an important 
feature in a number of national programmes in 
recent years. For example, sample surveys 
have provided not only valuable epidemio- 
logical information and operational data for 
evaluation, but they have led to improvement 
of field strategies, and diagnostic methods. 
They have also contributed to the strengthen- 
ing of health education and an appreciation 
of the psycho-social consequences of the 
disease. 


The overall approach to the present WHO 
programme for research in leprosy may be 
subdivided into two main parts. One is 
undertaken within a WHO Special Programme 
for Research and Training in Tropical 
Diseases by means of what is called scientific 
Working Group Strategy, ie. a miulti- 
disciplinary approach with a plan of work 
defined in advance to which all participating 
investigators have agreed. In addition the 
WHO financial contribution to individual 
projects selected by the Steering Committees 
of different programmes are fairly substantial. 
The second approach is by research agree- 
ments with individual investigators involving 
the provision of token grants. 


6.1 GLOBAL PROGRAMMES 


Within the special programme for Research 
and Training in Tropical Diseases, priority is 
being given to two main lines of research in 
leprosy immunology and chemotherapy. 


6.1.1 RESEARCH IN IMMUNOLOGY (IMMLEP) 
The objectives of the programme are : 
— vaccine development 


— diagnostic test development (subclinical 
infection) 


— exploration of immunotherapy. 


An important prerequisite for this pro- 
gramme has been to obtain adequate supplies 
of M. leprae for experimental purposes. 
This has been achieved by increasing the 
supply of M. leprae from infected armadillo 
tissues to meet requirements. The other 
main achievements of this programme so far 
include purification of M. leprae and prepa- 
ration of antigenic fractions and their evalua- 
tion, induction of immune responses in ani- 
mals, studies on environmental mycobacteria 
antigenically related to M. leprae. 


The scientific progress made over the past 
three years strengthens the initial hopes that 
a vaccine effective against leprosy can be 
developed ; yet it must be recognized that 
fulfillment of that goal for practical, large- 
scale application cannot be expected in the 
immediate future. 


Possible ways of strengthening research 
capability in leprosy endemic countries in- 
clude : 


(a) wherever possible, research fellows in 
the IMMLEP programme should come from 
leprosy endemic countries ; 


(b) increased local training of personnel 
for field activities is important for future 
epidemiological or vaccine studies ; 


(c) meetings of the IMMLEP Scientific 
Working Group might be held in conjunction 
with training courses in leprosy endemic 
countries. 


6.1.2 RESEARCH ON CHEMOTHERAPY (THELEP) 
THELEP has defined four broad objec- 
tives : 
— to assess more accurately the risk of the 
emergence of drug resistant M. leprae during 
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single dose regimens with dapsone in lepro- 
matous patients ; 


— to develop new laboratory methods for 
chemotherapeutic trials in  lepromatous 
leprosy ; 


— to develop new chemotherapeutic agents 
active against M. leprae ; 


— to plan the training of additional labora- 
tory and clinical personnel recruited from 
leprosy endemic countries. 


A screening committee in December 1976 
reviewed applications for research grants and 
considered the methodology for the prepara- 
tion of the standard protocol for clinical 
drug trials. 


In 1977, the THELEP Scientific Working 
Group will finalize a standard chemotherapy 
trial protocol. Relevant applications for 
clinical drug trials will then be approved, 
and interrelated clinical trials will be sponsored 
and investigations undertaken to identify 
active principles in plants, e.g., hydnocarpus. 
With a standard protocol it will be possible to 
identify fairly rapidly the most appropriate 
therapeutic regimens using available drugs 
for leprosy control services. 


6.1.3 OTHER COLLABORATIVE RESEARCH 


The granting of technical and financial 
assistance to collaborating centres and insti- 
tutions for various forms of research is a well 
established mechanism of the Organization. 
In 1976 it covered contractual agreements 
with thirty-seven research centres or principal 
investigators from 20 countries, apart from 
the IMMLEP and THELEP programmes. 


The wide range of research studies and the 
number of centres involved are indicated be- 
low : 


epidemiology of leprosy (6 centres); patho- 
logy (2); histological identification and classi- 
fication of leprosy (1); immunology of leprosy 
(8); drug trials (1); research on Myco. leprae 
(20); systems analysis approach to leprosy 
control (1). 


The most important of these studies are : 
(a) Operationallepidemiological studies 


These include 3 studies : the development of 
a simplified reporting system for leprosy pro- 
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grammes, allowing proper evaluation and 
comparison between countries, by the Depart- 
ment of Epidemiology, Catholic University of 
Louvain, Brussels ; in Burma, the use of 
multidisciplinary workers to effect integration 
of a specialized leprosy programme ; in Upper 
Volta to demonstrate the feasibility of a com- 
bined leprosy/tuberculosis project. 


The Indian Council for Medical Research is 
co-sponsoring a further study of the possible 
prophylactic effect of BCG against leprosy 
and tuberculosis. In Mali, at the Institut 
Marchoux, Bamako, arrangements are being 
made between the Government, the OCCGE 
and WHO to undertake epidemiological 
studies in an area of 350,000 inhabitants. 


(b) Studies on myco. leprae 


Two WHO Collaborating Centres under- 
take studies on the biology and experimental 
transmission of M. leprae, standardize the 
techniques used, supply designated strains of 
M. leprae from animals and provide training 
in specialized techniques. Important studies 
on dapsone resistance are also carried out in 
cooperation with field control projects. 


In addition, some 23 centres in 20 countries 
participate in the research on WM. leprae, 
which is directed to three main areas : 


— the cultivation of M. leprae in cell sys- 
tems and in different cell-free semi-synthetic 
media, the metabolic requirements of the 
bacilli with a view to its growth in vitro ; 


— the transmission of M. leprae to animals. 


The most important advances in these 
areas are the development of the “nude” 
(congenitally athymic) mouse and the Lewis 
thymectomized rat which may have consider- 
able practical value for antileprosy drug 
development and for monitoring chemo- 
therapy. 


(c) Drug trials 


Several antileprosy drug trials have been 
completed recently at the Central Leprosy 
Teaching and Research Institute, Chingleput, 
India. They were mainly directed to studying 
the feasibility of intermittent dapsone therapy. 
The results of an open trial with clofazimine 
in the management of recurrent lepra reaction, 
a complication of certain forms of leprosy, 
were assessed. 


(d) Other studies 


In the chemoprophylaxis trial of leprosy, 
earlier studies at Chingleput, India, with oral 
dapsone reported a favourable protective 
effect of over 5O%. A new study is in pro- 
gress (1975-1980) using acedapsone (inject- 
able every 75 days). If acedapsone is found 
effective, the reliability of its administration 
will have advantages over oral dapsone. 


The IARC, Lyon, is studying the potential | 


carcinogenicity of dapsone. The final conclu- 
sions are expected shortly. 


During the period 1975-1977 some 68 publi- 
cations and documents resulted from the 
WHO collaborative research in leprosy. 


6.2 REGIONAL PROGRAMMES 


The policy of increased research effort under 
the Special Programme for Research and 
Training in Tropical Diseases and the streng- 
thening of the research capability in the affec- 
ted countries is being implemented. In the 
American Region, a PAHO/WHO Interna- 
national Centre for Training and Research in 
Leprosy and Related Diseases, in Caracas, 
Venezuela, has already ensured the parti- 
cipation of national health personnel in trials 
of skin test antigens in Venezuela and else- 
where. 


In October 1976, PAHO organized a Work- 
shop on ‘Future Problems in the Micro- 
biology of M. Leprae”’ in which some sugges- 
tions were made on ways of attacking the 
problem of M. Leprae cultivation, and ques- 
tions related to the armadillo model were 
discussed. 


A significant advance has been the esta- 
blishment and convening of WHO Regional 
Advisory Committees on Medical Research 
(RACMR). Advisory Committees on Medi- 
cal Research were established in AFRO, 
SEARO and WPRO during 1976, and in 
April 1977 SEARO held its third and WPRO 
its second session. AMRO which has regular 
sessions each year had its fifteenth session 
in 1976. 


The South-East Asia Region has identified 
leprosy as one of the important areas of re- 
search following a _ regional consultative 
meeting on leprosy held in December 1975. 
In February 1977 a study group made reco- 


mmendations on research studies in leprosy to 
be presented at the RACMR in April 1977. 


The recommendations included investiga- 
tions in the following areas : 


(a) chemotherapy : development of sim- 
ple criteria for identifying drug 
resistance, retrospective studies on 
its prevalence, comprehensive studies 
on relapses in lepromatous cases, 
drug trials ; 


(b) chemoprophylaxis ; 


(c) immunology : skin test antigens, deve- 
lopment of serological methods for 
the diagnosis of leprosy ; 


(d) development of alternative animal 
models ; and 


(e) operational studies to improve pre- 
sent strategies. 


The need for strengthening certain labora- 
tories for experimental work at least with 
mouse models, was underlined. 


7. Future programme development 


7.1 GLOBAL STRATEGY AND APPROACH 


Based on the recommendations of the Ex- 
pert Committee on Leprosy (1976), a reorien- 
tation in the approach to leprosy control is 
taking place, e.g., the programme formulation 
process as a part of country health program- 
ming is being developed as the most suitable 
method of assuring effective leprosy pro- 
gramme implementation. This approach 
entails close cooperation on all levels with 
health services and/or health care systems. 


The nature of leprosy on the one hand, e.g., 
its slow evolution preceded by its long incu- 
bation periods and the equally long periods 
needed for treatment and follow-up of leprosy 
patients and for the surveillance of their 
house-hold contacts on the other hand, single 
out leprosy as an a priori disease for inclusion 
into permanent health care systems. Parti- 
cipation of health services in the planning 
stages, including manpower formation and 
information system needs for leprosy control 
activities, will be an important phase in future 
programme development. 


7.2 RESEARCH 


In addition to the TDR/IMMLEP and 
THELEP programmes, it has been recommen- 
ded by the Scientific and Technical Review 
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Group of the TDR Programme that studies in 
the epidemiology of leprosy and research on 
cultivation of Myco. leprae be undertaken. 


Relevant subjects for studies on epidemio- 
logy are mode of transmission, risk factors, 
environmental influences. Some of these 
studies would make use of tools developed by 
IMMLEP. 


Attempts should be made to apply the re- 
cent advances in cellular physiology through a 
special programme aimed at achieving in 
vitro cultivation of Myco. leprae. 


7.3. REGIONAL AND COUNTRY LEVEL APPROACH 


The development of a programme oriented 
approach may be grouped together in the 
following main areas : 


— programme formulation, including man- 
power and information system development, 
logistics, implementation and assessment ; 


— research activities in association with 
TDR programmes. 


Socio-economic situations in leprosy ende- 
mic countries differ widely from one country 
to another and even inside countries. A pro- 
gramme and target-oriented approach for 
leprosy control as part of health care activities 
needs to be modelled on the planned and 
existing stages of health care development. 


Regional Offices draw advice from Regional 
expertise in leprosy control and research in 
the form of advisory groups on programme 
formulation, country level resource needs and 
research as exemplified by the Region of the 
Americas and the South-East Asia Region. 
Concurrently, there should be regional and 
country level acceptance of a global infor- 
mation system, so that an accurate identi- 
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fication of needs in each country can be made 
and coordinating services can seek to channel 
available resources appropriately. 
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ILEP—A WORLDWIDE CO-ORDINATING STRUCTURE 


P. VANDEN WIJNGAERT 


ILEP—the International Federation of 
Anti-Leprosy Associations—was founded in 
Bern (Switzerland), September 1966, under 
chairmanship of Raoul Follereau, the founder 
of the World Leprosy Day. 


ILEP brings together 24 national bodies 
concerned with helping leprosy sufferers. 
These bodies have their bases in 21 indus- 
trialized countries : in Europe, the 9 Common 
Market countries plus Finland, Norway, 
Spain, Sweden and Switzerland, outside 
Europe: Australia, Canada, Iran, Japan, 
New Zealand, South Africa and U.S.A. 
They are co-operating with 79 countries where 
leprosy is endemic : 36 countries in Africa, 
21 countries in Asia, among which India, 
17 countries in the Americas, 3 in Europe 
and 2 in Oceania. 


Altogether, these 100 countries constitute 
a kind of international leprosy community 
where more than 2 million individual donors 
from industrialized countries are helping over 
a million of leprosy patients. More than 
800 doctors heading mobile teams and treat- 
ment centres, with the help of 15.000 para- 
medical and administrative staff are parti- 
cipating in this worldwide campaign. Every 
year about 150.000 new leprosy patients are 
registered and about 50.000 patients are dis- 
charged in the 600 centres or projects spon- 
sored by ILEP. 


The total budget for the leprosy work 
undertaken by the Federation was about 25 
million dollars US in 1976, of which 50% 
were expended in Asia, 40% in Africa, 7% for 
research programmes, the remainder in the 
Americas, Europe and Oceania. 


In 1975, for example, in India, ILEP has 
supported 131 projects with 424.212 leprosy 
patients. The total expenditure for this 
support was of 2.600.000 dollars US. 


The various aspects of leprosy work—as 
much medical and scientific as social and 


humanitarian—are to be found among ILEP’s 
activities. Top priority is given to leprosy 
control, organized according to the methods 
settled by the World Health Organization, and 
thus based on early and systematic case- 
finding, treatment of every case detected, 
especially the active cases, and finally educa- 
tion of the public in matters of health and 
diseases, especially in leprosy. In 1975, ILEP 
was financing 156 leprosy control programmes 
in charge of more than 900000 leprosy 
patients. These leprosy control programmes 
include nation-wide leprosy control pro- 
grammes, undertaken in co-operation with the 
Governments of 27 countries (20 in Africa, 
4 in Asia and 3 in the Americas). 


The second priority is scientific research : 
34 projects were financed in 1975 with a total 
expenditure of 1.500.000 dollars US. 


The third priority is training, with a total 
expenditure of more than one million dollars 
US for the support of 7 training centres 
amongst which 3 international institutions : 
ALERT in Addis Ababa _ (Ethiopia), 
Marchoux in Bamako (Mali) and Karigiri 
(Tamil Nadu) in India. 


On the other hand, ILEP is paying a special 
attention to compassion towards leprosy 
sufferers and therefore has a long experience 
in rehabilitation activities, including physical, 
vocational, economic and social rehabili- 
tation, especially in 24 technical co-operation 
programmes. 


BUT WHAT IS REALLY ILEP ? 


Along the years [LEP has developed into a 
co-ordinating body of organizations with 
operational activities, which thus became 
partners of a working community. 


The basic principle that determines all the 


working relations within this community is an 
absolute respect for the individuality of each 
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partner in a spirit of frank and sincere friend- 
ship, born of adhesion to the same ideals. 
The role of ILEP, insofar as its co-ordinating 
function is concerned, consists in providing a 
framework that will ensure a harmonious 
equilibrium between the autonomy of the 
partner on the one hand and an encourage- 
ment of the maximum united efforts of the 
community on the other. Thus in the world- 
wide campaign against leprosy, ILEP itself 
presents a united front, but only its Member- 
Association actually do the work, ILEP may 
adopt a common policy, but each Member- 
Association decides on its own how this 
policy shall be applied. This type of organi- 
zation, which is unique in this field, allows the 
individual Member-Associations to express 
their own genius in the most friendly kind of 
co-operation. 


The functioning of ILEP is based, on the 
one hand, on the decentralization of opera- 
tional activities and decision-making, and on 
the other on a strong centralization of infor- 
mation. Therefore, instead of centralizing 
funds as usually done in international federa- 
tions of voluntary agencies, the Member- 
Organizations of ILEP have chosen to co- 
ordinate decision-making. 


This is realized through a Co-ordinating 
Bureau, managing an information network 
and various kinds of Co-ordinating structures. 
Thus, the receipt of information, as full as 
possible, concerning centres and projects of 
the Member-Associations, and its dispatch to 
the Members, are assured. This network is 
kept supplied usually as the result of replies to 
standardized questionnaires (requests for 
financial assistance, and reports of activities) 
arriving from all aided centres, as well as from 
the budgets of all the Member-Associations 
which show the help accorded. In return, 
this information is collated into a series of 
documents, of which the most outstandingly 
useful are the Co-ordinate Budget and the 
Analytic and Financial Directory of the 
various leprosy projects. The Co-ordinate 
Budget keeps each Member-Association up-to- 
date concerning the centres and projects assis- 
ted financially in the course of the year, toge- 
ther with the amounts received from each 
partner. The Analytic and Financial Direc- 
tory contains data available for the evaluation 
of the work of each centre or project, as well 
as of each country and continent, together 
with a global evaluation of the whole acti- 
vities of ILEP. Thus each Member-Asso- 
ciation is kept informed of the projects of all 
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the other members, and the best possible 
opportunities for joint participation in such 
projects are offered, according to its avail- 
able funds. 


In a working community, information 
should logically result in action. Consi- 
quently, twice a year, in June and December, 
Working Sessions are organized, at which all 
Member-Associations participate in finalizing 
the budgets, projects and programmes. It is 
here that the many possibilities for joint 
action have their origin—action in the field, 
and combined action by a temporary partner- 
ship of several members. Two or three Mem- 
bers, for example, join together and agree to 
pool some of their funds for a certain period 
to finance a joint project, under the overall 
direction of one of them, called a Co-ordi- 
nator. This free exchange and pooling of 
funds, of resources and of responsibilities may 
be organized on the basis of a centre, a pro- 
vince, or even a whole country. It permits 
quite often the alliance of the experience of 
one Member with the know-how or financial 
resources of another Member. 


It is easy to understand that a co-ordinating 
body like ILEP can, on the one hand, prevent 
wastages, duplication and overlaps, and dis- 
persion of effort as much in financial matters 
as in field activities, and on the other hand, 
can result in the regrouping of the efforts of 
everybody by utilizing in the. best way the 
talents of each in a combined effort on a 
world scale. It is only necessary to refer to 
the fact that a third of all the leprosy patients 
in the world now receiving treatment are 
actually being treated by Members of ILEP. 


Joint action is impossible without a com- 
mon policy, which, on the basis of a common 
motivation, constitutes the basis of all co- 
ordination. 


It is a consultative body, the Medical 
Commission, that has assumed the task of 
drawing up guidelines for the leprosy cam- 
paign, which form the medical charter, as it 
were, of ILEP. The Commission is made up 
of eminent leprologists and of specialists in 
public health—all with long experience of 
tropical medicine. The Commission also exa- 
mines projects submitted to it by Member- 
Associations. It makes practical recommen- 
dations on one or other point of general 
policy. It gives considered advice in the light 
of the most recent advances, medical and 


scientific, concerning leprosy. It plays a 
major role in the selection of research projects 
financed by ILEP. 


Working Groups have been set up recently 
to study specific problems, such as the training 
of staff in leprosy, health education in coun- 
tries where leprosy is endemic, and the social 
rehabilitation of leprosy patients. The work 
of these groups will reinforce the general 
policy of ILEP and help to encourage all 
Member-Associations to adopt a common 
Strategy. 


The functioning of ILEP is thus charac- 
terized by a dynamic, composed of three 
strands—centralized information, joint action 


and a common policy—that determines how 
the funds raised by each Member-Organi- 
zation shall be distributed. If the actual 
raising of the money is a difficult and thank- 
less task, its judicious distribution involves 
responsibilities that are equally heavy. Des- 
pite its importance and its complexity, ILEP 
aS an organization is not expensive. The 
cost of running it does not exceed a half per 
cent of the total sum distributed. Further 
than that, ILEP confers a new kind of image 
on the anti-leprosy associations, in the sense 
that it makes every dollar go a long way and 
adds precision, dynamism and the efficiency 
of a multinational undertaking to charity, 
generosity and solidarity towards the most 
deprived of our fellow-citizens. 
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TRENDS OF LEPROSY IN INDIA 


P. KAPOOR 


Dharmendra (13) in the First Silver Jubilee 
Conference Memorial Oration delivered at 
Baroda on the 10th April 1976 has stated 
“The National Leprosy Control Programme 
has now been in progress for a little over 
20 years. Individual patients under treatment 
have no doubt being benefited as shown by 
decrease in deformity index and in frequency 
of plantar ulcers. However, it cannot be 
said with any degree of certainty as to what 
impact it has made in controlling the spread 
of the disease’. 


Vellut (31) in her paper has stated “‘To see 
the progress made in anti-leprosy work, one 
should sit at a leprosy out patients’ table and 
simply look. The number of patients is high. 
Majority of them show minimum lesions; 
either residual shrinkeld patches or small well 
defined erythematous lesions, of recent origin. 
Very few patients present numerous erythe- 
matous lesions, positive for A.F.B. One or 
two would be on special treatment for com- 
plications. A good number of old patients 
for whom the attendance to a leprosy clinic 
has become a routine in life, for the last 10 to 
15 years, with mutilations and trophic ulcers, 
come for a friendly chat, some for dressing 
meee Special shoes- fog... The possi- 
bilities of treating a large number of patients 
in a simple way has resulted in the launching 
of leprosy campaigns based on early detec- 
mon: and treatment —.2- 5,1 3: Now after 
25 years, it can be said that there is a definite 
progress, but a very slow progress in the field 
eecontrol 2.2... 0 ae At an _ individual 
point of view, the results are exellent. A 
patient—lepromatous or non-lepromatous— 
who, at the first sign of disease, starts his 
treatment, and who takes it regularly under 
good medical supersision, is sure to be cured 
without deformity.” 


This sums up in short the progress and trend 
in leprosy in India. In order to understand 
and appreciate the changes that are seen in 
leprosy in India, it seems essential to know 
certain epidemiological features of leprosy 
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and the working and progress of National 
Control Programme. 


DEFINITION 


Leprosy is a chronic communicable disease 
mainly affecting the nerves, the skin and 
mucosa. If it is not treated early and 
properly, it may lead to primary and secondary 
deformities. These deformities are the root 
cause of social stigma in leprosy (4). 


TRANSMISSION 


Though the exact mode of transmission of 
leprosy is not known, it is believed to spread 
mainly by infectious patients through contact 
with susceptible persons, both within and out- 
side the house. (5, 11) 


Nasal discharges from infectious patients 
are now being suspected as a major source 
for the spread of leprosy. (9, 10) 


The spread of leprosy also depends on the 
immunological susceptibility or resistance of 
the persons coming in contact with leprosy 
patients. (6, 11) 


HOST-FACTOR 


The type of disease a patient may get de- 
pends on his immunological susceptibility or 
resistance. (6,11). Majority of early cases 
of leprosy heal spontaneously. Lara et al (22) 
has demonstrated that more than three fourth 
of all early cases in children heal spontane- 
ously and completely. A person having very 
high resistance may not get the disease, or 
such a person may develop “‘an innocuous 
patch” which disappears spontaneously. 
When the resistance of the body is not very 
high, the person may get a localised form of 
leprosy called Tuberculoid type which is self 
healing by nature. (24). Some of these 
patients may, however, get deformities due to 
involvement of the trunk nerves, if they are 
not treated in time. 


When there is little or no body resistance, 
a person may get a generalised form of leprosy 
called Lepromatous type. Such a patient is 
infectious and is mainly responsible for the 
spread of leprosy in the community. 


Some persons have moderate resistance and 
they may get leprosy of Border-line type which 
is in between Tuberculoid and Lepromatous 
types of leprosy. Some of these patients may 
behave like lepromatous patients. 


CASE DETECTION 


Leprosy is manifested as a patch or patches 
on the skin. Large majority of leprosy 
patients begin with a patch or patches. These 
patients are easy to detect as the change in the 
skin is obvious. 


Some patients may not have any patch, but 
have only slight lepromatous diffuse infiltra- 
tion in the skin. (7), This diffuse infiltra- 
tion is not easily seen and such patients are 
missed even when the people are conscious of 
the disease and the case detection work is 
satisfactory. Such patients are usually 
detected after a few years when the skin 
becomes thick, shiny or erythematous with 
small nodules, when eye-brows are lost and 
even signs of neural involvement develop. 
For the success of leprosy control, it is neces- 
sary to find ways and means to detect very 
early infectious cases. 


The patients who have no or very little 
resistance, require a long time to be “‘disease 
arrested’’ and even after their being “‘disease 
arrested’’ they require maintenance treatment 
for a prolonged period. Such patients are 
usually not released from control and are 
continued on the list of active patients in 
almost all the centres. 


DEFORMITIES 


Deformities in leprosy are mainly due to the 
damage to the peripheral trunk nerves, resul- 
ting in sensory and motor paralysis of hands, 
feet, and eyes. Early deformities can be cor- 
rected or minimised by modern treatment, 
physiotherapy and surgery. (12, 25) 


When the nerves are irreversibly damaged, 
the deformities persist, and it requires a 
patient with such deformities to be very care- 
ful about the use and care of his hands, feet 
and eyes. If the patient is not careful, 
secondary deformities which are preventable, 
may develop after injuries leading to gross 


mutilations. Treatment of such patients must 
include education of the patient regarding 
prevention of deformities. This is done in a 
few centres only. Deformed but “disease 
arrested” patients are always there in the 
community. They attract more attention 
then the non-deformed patients with active 
leprosy. 


CONTROL PROGRAMME 


Primary preventive methods of leprosy 
control are not available. Secondary pre- 
vention of leprosy control is based on case 
detection and treatment. (23). 


Case detection work through surveys, con- 
tact examination and Health Education is 
done by the Para Medical Workers in the field. 
These Para Medical Workers, though allowed 
to detect and treat leprosy patients, are not 
allowed to release the patients from control 
even if the patients are “disease arrested’’. 
Medical officers and non-medical supervisors 
who are required to do this work are not in a 
position to assess all patients because of the 
excessive load of thousands of patients in their 
jurisdiction. Besides, Medical Officers 
usually take less than necessary interest in 
leprosy work. Therefore, even though the 
patients are “disease arrested’’, they remain 
on the list of active patients for a long time. 
This leads to apparent increase in the pre- 
valence rate which is obviously not a real 
or true state. 


COVERAGE 


The coverage for leprosy control work has 
been very slow. Till the end of March 1976 
only 212 million people were covered under 
National Leprosy Control Programme. (26). 


NEWER TRENDS 


With this back ground of some epidemio- 
logical features of leprosy and the functioning 
of the National Leprosy Control Programme, 
it may be possible to understand and appre- 
ciate the changes that have taken place in 
leprosy in India. 


PAEVALENCE RATE 


When the country became independent in 
1947, there was no leprosy control as such. 
Patients were being detected, diagnosed and 
treated in a few special hospitals and clinics. 
There was no active case detection work. 
At that time, it was estimated that there were 
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10 lacs (1 million) leprosy patients in the 
country with a population of 36 crores (360 
millions) (1951 Census), (13). Prevalence rate 
was 3 per thousand population. It may be 
noted that the data were based on a few sur- 
veys and the number of leprosy patients was 
grossly underestimated. 


The present estimated number of patients in 
India is 32 lacs (3.2 million) (13) in an 
estimated population of 60 crores (600 
millions) giving a prevalence rate of 5 per 
thousand population. 


Estimate of 32 lacs of patients is based on 
the intensive work done in the country from 
1955 on-wards mainly in the endemic and 
hyper-endemic areas. The author estimates 
that about 10% of the patients are registered 
at more than one place. The feasons for such 
multiple registration are, (i) ever increasing 
number of leprosy centres: bringing the place 
of treatment near the houses of the patients 
so that they leave their earlier distant clinics 


and join the new ones, (ii) increased mobility | 


of patients, (iii) patients losing faith in one 
clinic, register at other places etc. In addi- 
tion, over the years, the disease arrested 
patients are not removed from the list of 
active patients but new patients are being 
added. Thus there is cumulation of numbers. 
(13). In all the centres in the country where 
the cases of such patients have been reviewed, 
the prevalence rate has been reduced by 30 
toe 4 G1, 34). 


In a recent study in Maharashtra (19, 35) 
similar has been the experience. 


Jacob Thomas et al (16) however reports 
an increase in the prevalence rate in a centre 
in Bihar, although there has been a marked 
decline in lepromatous rate and ratio. 


If due discount is given for the above 
factors, it will be realised that the true pre- 
valence of leprosy in India would be actually 
much less. The author estimates that there 
are about 18 to 20 lacs (1.8 to 2 millions) 
of leprosy patients in the country giving a 
prevalence rate of about 3 per thousand. 
This estimate is considered to be more realistic. 


INCIDENCE OF LEPROSY 


No National studies have been undertaken 
to study the incidence of leprosy in various 
parts of the country. A few studies that 
have been reported are from special centres. 
Rao (27) has reported a decline of 50 to 58% 
in incidence rate. Das (8), Ekambaram (14), 
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Chatterjee (3) and ELEP Leprosy Control 
Centre, Dharmapuri (2) have also reported a 
similar decline in the incidence rates. Noor- 
deen (24) however, does not report any decline 
in the incidence. 


NEW CASE DETECTION RATE 


No generalisation is possible on the basis 
of these few studies in special centres. Some 
idea may be available from the new cases 
detected in the Leprosy Control Units working 
all over the country. Most of the Leprosy 
Control Units are now recording less number 
of new patients as compared to the past. 
These show that there is a definite decline in 
new case detection rate. (18, 19, 28) In 
all such centres, the decline is between 40 
and 50% during the first 10 to 15 years of 
work. After this, there is no decline seen. 
Vellut (30, 31) however, reports that the 
number of patients registered every year since 
1963 has remained the same. The author 
believes that even though the new cases re- 
gistered have remained the same, but in view 
of the increasing population, the rate per 
thousand population would be less now than 
in the past. 


Wardekar (36) believes that a plateau of 
decline is reached in about 10 to 15 years 
and it might be possible that we have reached 
this plateau in the areas where the work is 
being done for 10 or more years. 


This shows that transmission of leprosy 
has not been interrupted, possibly for the rea- 
sons that there are undetected early lepro- 
matous cases in the community and/or the 
possibility of so called non-infectious patients 
being infectious to a certain extent or at a 
certain period in the natural history of the 
disease (5, 11). 


The other major factor seems, as is the ex- 
perience of all workers, to be that 20 to 30% 
of the infectious patients do not take any treat- 
ment and the drop out rate of patients from 
the treatment is equally high. 


DEFORMITY RATE 


The greatest change seen amongst new 
leprosy patients is that they are mostly not 
deformed. The deformity rate amongst 
new patients has come down from 30-40% 
to less than 10% in most centres, and less 
than 5% in some centres. (2, 17, 18, 30, 31). 
Child leprosy patients with deformity are not 
usually seen these days. (20). 


Deformity rate amongst patients detected 
by surveys is considerably reduced after the 
second survey. The deformity rate in patients 
who report voluntarily is comparatively high 
(20, 30) but is still much less than what it used 
to be in the past. It varies between 10 to 20% 
in various places. This shows that much 
more is required to motivate the people to 
seek early diagnosis voluntarily. Most of 
the deformities that are seen these days are 
early deformities which may be corrected with 
treatment including physiotherapy and 
surgery. Vimla Dermatological centre work- 
ing in a northern suburb of Bombay has 
however not registered a single new deformed 
case out of 700 new cases registered between 
April 1976 and March 1977 (33). Ganapati 
(15) has reported 12 cases with deformity out 
of 189 in a suburb of Bombay from October 
1976 to May 1977. 


New patients with neuropathic ulcers are 
also very few. Not more than 5% of the new 
patients have neuropathic ulcers. (2). 


LEPROMATOUS LEPROSY 


Even though it is difficult to detect early 
lepromatous leprosy, the deformity rate in 
lepromatous patients is also considerably 
reduced. (2). It is now between 15 and 20 
as against more than 50% in the past. New 
patients with big nodules and leonine face 
are seen only rarely. (31, 32). 


There is a decline of lepromatous rate 
amongst new patients to the extent of about 
50 to 60%. (18, 31) Children with lepro- 
matous type of leprosy are only occasionally 
seen, because of early detection. (20). 


PUBLIC CONSCIOUSNESS AND ATTI- 
TUDE TOWARDS LEPROSY 


People have become leprosy conscious. 
They are conscious about the early signs of 
leprosy, availablity of treatment and curability 
of the disease. This is evident from the fact 
that 40 to 50% of new patients have only one 
lesion. (15, 17, 20,31) About 35 to 60% of 
the new patients report voluntarily. (15, 20, 
28, 31) The stigma of leprosy that was there 
in the past has been much reduced. (8, 21, 
29) Patients stay in their homes and take 
treatment. The patients are rarely thrown 
out of the house/village unless the economic 
condition of the patients/family is very poor. 
But the patients who are already out of the 
fantily/village still find it very difficult to be 
rehabilitated in the family/village. The people 


are conscious about leprosy but they are yet 
not fully motivated for taking regular and 
continuous treatment. Percentage of the 
patients taking treatment and those who drop: 
out of treatment, has remained the same. 
Patients refusing to take treatment and drop- 
ping out of treatment, are the major problems 
which require to be studied by a competent 
team comprising of social, behavioural and 
medical scientists. 


BEGGARS SUFFERING FROM LEPROSY 
AND SELF-MADE COLONIES OF 
LEPROSY BEGGARS 


No studies are available on this aspect of 
the problem. One may not be surprised if 
there is no change in their number (percent 
to the total population). This does not re- 
flect on the National Leprosy Control Pro- 
gramme, as the problem is more socio-eco- 
nomic. The author has seen that most of the 
leprosy beggar colonies are well-organised by 
the patients themselves and treatment faci- 
lities are made available to them by Govern- 
ment, Municipalities or Voluntary Institutions 
there. The regularity of attendence for treat- 
ment in such colonies is usually higher than 
among the general patients. The disease in 
many of the leprosy beggars is inactive, 
though almost all of them are having defor- 
mities and mutilations. 


CONCLUSION 


In conclusion, it may be stated that although 
the interception in the transmission of leprosy 
has been limited in extent, there seems to be 
no real increase in prevalence of leprosy in 
India. Any apparent increase is due to one 
or a combination of factors like: (a) cumula- 
tion of cases in the control areas because of 
failure to remove disease-arrested or cured 
cases; (b) more efficient case detection with 
successive surveys; (c) double enumeration of 
cases in neighbouring clinics; (d) addition to 
the existing number, of cases from newly 
opened control units in virgin or hitherto 
uncovered areas. On the contrary the over- 
all picture seems to be changing slowly for 
the better. The patients are detected early 
and saved from getting deformities which is 
the root cause of the stigma & fear. Leprosy 
consciousness in the community has increased 
and there is less of stigma and harrassment of 
leprosy patients. Both lepromatous and 
deformity rates have been considerably 
reduced. Any increase reported from any 
area is almost wholly attributable to non- 
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lepromatous cases. This last observation 
holds true to some extent even in newer areas 
brought under control coverage. The general 
complaint of leprologists of the rarity of good 
lepromatous nodules to prepare his lepromin 
from, is noteworthy in this context. These 
observations need not however generate 
undue optimism and a great deal remains to 


be done. There is particularly a great and 
immediate need for the involvement of general 
medical officers and practitioners in the leprosy 
control work and also for scientific multi- 
disciplinary studies to find out the reasons for 
drop out from treatment even in situations 
where the result of treatment is obvious to the 
patient. 
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LEPROSY IN THE WORLD 


WHAT IS THE PRESENT SITUATION ? 
STATIC OR CHANGING? 


S G BROWNE 


The short answer to the question is, it is 
impossible to say. The same considerations 
hold in most countries for all transmissible 
diseases, especially those that are chronic. 
Notifications of acute communicable diseases, 
like poliomyelitis and typhoid, may be re- 
asonably complete where medical services 
are adequate, but a disease like leprosy tends 
to be under-reported and under-notified, 
even in-the best of circles. Leprosy shares 
with other diseases this incubus of being 
under-reported in areas where medical services 
are scanty or even non-existent. The reasons 
are not far to seek: the difficulties of 
diagnosis by reason of the extremely varied 
clinical picture; the absence of the pain that 
would in the case of many other diseases 
bring the patient to the doctor or paramedical 
worker; the insidiously progressive nature of 
the physical signs of leprosy infection; and, 
above all, the social stigma attaching to the 
condition, which makes sufferers and their 
families hide their ‘guilty’ secret for 
as long as they can. 


Leprosy is, in most countries, still a rural 
rather than an urban disease—since the young 
and the healthy gravitate to the towns, and 
the risks of transmission are generally less in 
the towns; hence, the medically deprived and 
under-doctored rural areas of the developing 
countries have an unduly high proportion 
of leprosy sufferers, often unsuspected, unre- 
cognised, and unknown to the medical 
authorities. 


The statement that leprosy is a rural rather 
than an urban disease, needs to be modified 
today in the case of a country like India. 
The selective migration to the towns is now of 
families rather than of healthy young single 
males seeking work, and families tend to take 
leprosy with them. Thus, Bombay, Madras 
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and Calcutta all have their considerable 
leprosy problem, and the growing towns all 
over India are having to cope with an influx 
of leprosy sufferers, by no means all of 
them beggars. 


Of course, there are some compensating 
factors: in areas where effective antileprosy 
control measures have been in operation for 
long periods (as in French West Africa), 
the incidence of new cases may show consider- 
able reductions. Owing, however, to the 
reluctance of medical auxiliaries to discharge 
registered patients—and the reluctance of 
the patients themselves to be discharged— 
after clinical quiescence has been attained, 
these ex-leprosy patients continue to swell 
the numbers of those suffering from sup- 
posedly “‘active”’ disease. 


Another very important, and interesting, 
factor is the proportion of cases of self- 
healing leprosy in the community. In areas 
where whole-population surveys can be regu- 
larly undertaken, as in Polambakkam and 
similarly investigated areas, the total numbers 
of patients with recognizable leprosy lesions 
may show rather frightening dimensions— 
frightening, that is, unless it is realized that 
with an increasingly adequate medical cover- 
age, the number of cases of early “‘indeter- 
minate’ leprosy, transient and self-healing 
(like the primary affect in pulmonary tuber- 
culosis), may represent a not inconsiderable 
proportion of the total number registered. 


A factor that cannot be ignored in the 
consideration of global trends in the leprosy 
endemic is the fact of population growth. 
While the growth rates in Western countries 
are tending to slow down and stabilize, those 
in the countries of the Third World are still 
showing annual increases of up to 4.5 per cent. 


And it is precisely in these countries that 
leprosy—among other diseases like tuber- 
culosis, returning malaria, and water-borne 
and pulmonary diseases—still poses a consi- 
derable health problem. There are more 
people to catch leprosy. And catch it they 
do. 


A curious feature of the leprosy endemic 
in India and in other countries is the patchy 
nature of the prevalence rates. Thus, Tamil 
Nadu, West Bengal and Orissa have high pre- 
valence rates, but within these States the 
prevalence is by no means uniform. Then 
Haryana and the north-west in general have 
low prevalence rates, but nevertheless there 
are pockets of much higher prevalence. 
In some areas, those afflicted tend to con- 
_ gregate in certain villages, or in certain areas 
in the bigger towns, where, untreated, they 
constitute a source of hyperendemic infec- 
tion. Racial factors determining resistance, 
perhaps coupled (fortuitously or not) with 
degrees of cutaneous pigmentation, may be 
-at work here. 


The overridingly important factors are the 
presence of leprosy sufferers shedding viable 
bacilli from the nasal mucosa, and susceptible 
contacts within the range of the infective 
droplets. Thus domestic overcrowding, given 
the existence of an infective index case, would 
be a most important factor in the persistence 
of an endemic focus. 


The pocketing of clusters of susceptible 
subjects can be seen, for instance, in the 
communities in Venezuela of German extrac- 
tion, in which leprosy continues to be highly 
prevalent. On the other hand, the third— 
and fourth-generation descendants of the 
leprous Scandinavian immigrants into the 
Middle West States of USA are today com- 
pletely free from leprosy infection. Pockets 
of leprosy can be traced in a country like 
Colombia, where the Spanish soldiers settled 
and have left a trail of leprosy infection. 
The higher susceptibility to leprosy of the 
lighter-skinned descendants of the Spanish 
is a well-attested fact of observation. In 
Asia, it is noteworthy that wherever the 
troops of Chenghis Khan bivouacked, leprosy 
is now present and the population bears traces 
of mongoloid features. 


Estimates, of course, from government 
sources or from voluntary agencies, may vary 
widely, dependent on available data, pre- 
suppositions, and perhaps prejudices. It is 


still rather “shameful” to have to admit that 
one’s country has a leprosy problem, and still 
more shameful if the problem is not being 
reduced in size and importance. Never- 
theless, and not-withstanding the absence of 
statistics from several countries where leprosy 
must constitute a sizeable problem (such 
as mainland China), and the lack of accurate 
statistics from several other countries, it is 
possible to hazard some reasonable guesses 
about the trend of leprosy in the world 
today. 


The first bleak fact is that the size of the 
problem is not diminishing, in absolute 
terms. The best official figures of the World 
Health Organization, based for the most 
part on government returns, suggest that the 
total number of leprosy sufferers in the re- 
porting countries is 11.2 millions. The 
distribution, country by country, has 
remained virtually unchanged since quasi- 
accurate statistics first became available. 
The total number of cases formerly showed 
an increase consequent on the more accurate 
reporting and the increased coverage of medi- 
cal services. Thus, in India in the year 1874 
the official estimated number of leprosy 
sufferers was 93,231. Now, the official esti- 
mate is 3.2 million. Whole areas in which 
leprosy is highly endemic have been opened 
up of recent years to medical service and 
surveys. 


Some few countries show a real diminu- 
tion in the prevalence of leprosy. In 
general, these are the countries where good 
medical services and adequate finance are 
available. Thus, Japan can point to an 
apparent success of its policy of humanely- 
enforced segregation, with a reduction by 
two-thirds of its leprosy population in 
30 years. The old are dying out, and new 
accessions to the leprosy totals (apart from 
new medical areas, like Okinawa), are few 
and manageable. South Africa is another 
example of a similar trend. And, in the more 
distant past, the considerable leprosy endemic 
in the countries of north-western Europe 
(particularly Scandinavia) has diminished to 
vanishing point. The situation, however, 
in Southern Europe remains practically static 
—mainly because of the non-recognition of 
early leprosy by the average medical practi- 
tioner, despite the general availability of 
adequate medical services: this situation holds 
for Portugal, Spain, Italy, Greece, Turkey 
and Southern Russia, not forgetting the 
Mediterranean islands of Cyprus and Malta. 
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In the countries of the Near East, and North 
Africa, the situation is far from clear and far 
from complete. Leprosy is endemic in the 
whole of North Africa (Morocco, Tunis, 
Algiers, Libya, Egypt, Sudan), and in the 
lands of the near East—but although the 
prevalence rates are supposed to be low, there 
are pockets of high rates of considerable size 
and importance. To judge from the ad- 
vanced clinical state of patients examined 
soon after they have presented themselves 
for the first time—always a good indication 
of awareness of leprosy by the public and 
the medical profession—the leprosy situa- 
tion generally is more serious than the autho- 
rities care to admit. This would be the 
situation in countries like Iran and Afgha- 
nistan. When leprosy is not suspected, or 
medically diagnosed, until gross deformity 
has occurred, or advanced leonine facies has 
appeared—then the gravity and size of the 
endemic may remain quite unknown. 


Subsaharan Africa represents a region of 
very high leprosy prevalence, very low lepro- 
matous/tuberculoid ratio, and a mixture of 
continuing effective leprosy control pro- 
grammes and a disruption of rural medical 
services. The two countries that have very 
serious and large leprosy problems—Nigeria 
and Zaire—have for various reasons not 
succeeded in facing the situation realistically. 


In the French-orientated countries of West 
Africa (the former French colonies), the 
maintenance (although modified) of. the 
old service (largely dependent on French 
military medical personnel for its inspiration) 
combating the major endemic diseases, seems 
to have borne fruit in the published reduction 
in both prevalence rates by up to three- 
quarters, and incidence rates by four-fifths 
or even more. Although these average 
figures conceal fairly wide divergences re- 
flecting the success and activities of the 
organization, the fact remains that in vast 
areas of high leprosy prevalence—albeit of 
low lepromatous/tuberculoid ratio—signi- 
ficant results have accrued from a consistently 
applied strategy. 


In South and Central America, the leprosy 
situation is probably static, within extremes 
represented by (continental) Chile (where 
leprosy is apparently non-existent) to consider- 
able pockets in Brazil, Venezuela and 
Argentina—and the other countries often 
associated historically with the irruption of 
Iberian invaders. 
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In Australia, the leprosy situation among 
the aboriginal “‘walk-abouts” (of enormous 
interest epidemiologically) is probably im- 
proving, thanks to a good medical service. 
In New Zealand, leprosy is in the main a 
disease imported from the islands of the 
South Pacific, which themselves have a size- 
able problem. 


Several factors have of recent years 
complicated and modified the leprosy endemic. 
The most important of these factors is move- 
ment of populations—from the villages to the 
towns in countries of the Third World, 
from southern Europe northwards, from the 
developing countries to the industrialized, 
and from a country like Italy to Canada, 
from Puerto Rico and Mexico to the USA, 
and from Indonesia and Surinam to Holland. 
Although the influx of immigrants from 
leprosy endemic areas (like India, Pakistan, 
Nigeria, the West Indies) to Great Britain 
has been of large dimensions, and although the 
great majority of leprosy notifications is, 
as would be expected, among the immigrant 
population, yet cases of indigenously con- 
tracted leprosy in the industrialized countries 
of Europe are extremely rare. Two or 
three centuries ago, the extent of the leprosy 
endemic in countries of north-western Europe 
was, even on conservative estimates, quite 
considerable. It has now virtually dis- 
appeared—and the precise reason or reasons — 
for its disappearance are not known. 


Mainland China is an unknown quantity 
as far as leprosy is concerned, since no figures 
have been forthcoming recently. Thirty 
years ago it is known that leprosy was wides- 
pread in that land, and there is no reason to 
suppose that in China the disease has proved 
more amenable to accepted control measures 
than elsewhere. Certainly, in countries with 
similar ethnic populations, like Korea, 
Taiwan and Thailand, the size of the leprosy 
problems seems not to have changed much 
during the past few decades. 


Another new factor likely to become in- 
creasingly important during the next few 
years is the emergence in many countries 
of leprosy bacilli resistant to the sulphones. 
This fact will affect the prevalence of leprosy 
in several ways—not only the actual presence 
of sulphone resistant disease, primary and 
secondary, but also the attitudes to leprosy 
and its treatment that will be engendered in 
the community itself, in governments and in 
voluntary agencies concerned with leprosy. 
Leprosy will be seen to constitute a more 


intractable and costly problem than has 
been hitherto realized. 


Coupled with the grim prospect of the 
emergence on a world scale of sulphone- 
resistant leprosy bacilli, comes the disquieting 
news that some leprosy bacilli—‘“‘persisters’’, 
they are called—may remain viable but dor- 
mant despite the regular taking of anti-leprotic 
drugs in adequate amounts. These non- 
metabolizing dormant bacilli, ready to begin 
multiplying again when conditions are 
propitious, will account for the persistence 
of the leprosy endemic, and perhaps its 
sudden and unexpected flare-up in circums- 
tances where leprosy control was believed to 
have been achieved. 


As if that was not enough in the way of 
threatening prospect, there is evidence accu- 
mulating that some ‘“‘wild strains” of the 
leprosy bacillus, that is organisms that are 
found in newly-diagnosed patients, are not as 
susceptible to the sulphones as was formerly 
the case. That is, the threshold of sensitivity 
to the main drug used in leprosy treatment 
is higher than it was; higher doses of dapsone 
are required to prevent the multiplication of 
the organism. 


Influence of BCG 


It is difficult to assess the influence on the 
incidence of leprosy of widespread vaccina- 
tion of infants and young children with BCG. 
The complex and equivocal results of the three 
major investigations (in Uganda, Burma, and 
Papua New Guinea) might suggest that in 
situations epidemiologically comparable to 
that obtaining in Uganda, a reduction in the 
incidence of new leprosy infections in children 
might be expected to follow widespread vac- 
cination with BCG. In the absence of expert 


oversight and critical evaluation, however, it is 
to be regretted that the effect of BCG vaccina- 
tion cannot yet be ascertained precisely; the 
high hopes elicited at first cannot unfor- 
tunately be realized, and reduction in the 
incidence rates of leprosy must still be depen- 
dent on the reduction of the reservoir of 
infectious patients and on the opportunities 
for the infection contact. 


The possible effect of the use of prophy- 
lactic dapsone on a wide scale, also cannot 
be assessed—apart from the financial and 
administrative (and immunological) objec- 
tions to this procedure maintained for a long 
time in a healthy population exposed to 
leprosy. 


To sum up—notwithstanding the facts that 
a tremendous effort has of recent years gone 
into the treatment of some three million cases 
of leprosy at any one time, and that probably 
two million cases have been discharged “‘disease 
arrested’, the sum total of those suffering 
from leprosy today has shown no appreciable 
change in the world as a whole. This is a 
sobering thought. A drug is now in existence 
(rifampicin) that will in a few days render non- 
contagious those suffering from contagious 
forms of leprosy: if this drug could be given 
on a wide enough scale to all persons needing 
it, the reservoir of infection would decline 
dramatically. 


Notwithstanding the sombre nature of these 
reflections on the present state of leprosy 
in the world, it is still true to say that we 
possess the means and the knowledge to 
control the scourage, provided that we use the 
means and apply the knowledge with suffi- 
cient determination and on a sufficiently 
wide scale. 
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EPIDEMIOLOGY OF LEPROSY; CURRENT VIEWS, 
CONCEPTS AND PROBLEMS 


RICARDO S. GUINTO 


Etiology, Sources of Infection and Infectious- 
ness 


The specific agent. We can now say that 
the causative agent of leprosy is M. leprae. 
The fact that the characteristic lesions of 
lepromatous leprosy are associated with 
tremendous numbers of M. leprae does not, 
of course, constitute complete proof of 
etiology. Swine fever, for example is caused 
by a virus but is accompanied by secondary 
invasion with Salmonella cholerae suis. 


Animal models now provide definite ex- 
perimental support for M. leprae as the 
causative organism. First reported by She- 
pard in 1960 (81, 84), the characteristic limited 
multiplication of M. leprae in mouse footpads 
has become an established and consistently 
reproducible procedure for therapeutic and 
other important laboratory studies (76). 
In fact, the specific growth pattern of M. 
leprae in mouse footpads, combined with 
uncultivability in artificial media, is now used 
as a method of identifying unknown myco- 
bacteria as M. leprae or not (76). 


Rees (73, 74) reported a more disseminated 
_ though still atypical M. leprae infection in 
mice immunologically depressed by thymec- 
tomy and x-ray irradiation. More recently, 
Kirchheimer and Storrs (48) reported that 
one nine-banded armadillo, out of 40 
inoculated at various dates, had so far deve- 
loped a disseminated infection closely resem- 
bling human lepromatous leprosy. Subse- 
quently developing armadillo infections have 
since been shown by a number of authors (87) 
to be clinically and histopathologically very 
similar to human lepromatous leprosy. A 
new paper by Storrs et al (88) reports that 
no less than 8 out of 20 armadillos or 40% 
developed severe lepromatous leprosy 3 to 
3.5 years after inoculation with M. leprae, 
and that about 1 kilogram of lepromas 
containing an estimated 15 to 20 grams of 
pure M. leprae were obtainable from these 
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8 infected animals. The authors emphasized 
the great potential of the armadillo as an 
animal model much needed for microbio- 


logical, immunopathological, therapeutical 
and epidemiological (preventive) leprosy 
research. 


Mitsuda and Hayashi (44) recognized as far 
back as 1933 that lepromatous patients were 
anergic to lepromin but reactive to suspensions 
of mycobacteria other than M. leprae; and 
furthermore, that this unique immunological 
finding could be used as a means of identifying 
mycobacterial isolates as M. leprae or some 
other organism. This method of immuno- 
logical identification was used successfully 
by Shepard and Guinto (82) in 1963. A 
lepromin prepared from infected mouse foot- 
pads gave negative Mitsuda reactions in lepro- 
matous patients and positive reactions in 
tuberculoid patients which were almost identi- 
cal to the reactions of the same patients to 
regular lepromin. In a study recently com- 
pleted in Cebu (43) 21 lepromatous patients 
gave completely negative Mitsuda reactions 
to human lepromin, to armadillo lepromin, 
and to mouse footpad lepromin; but gave 
definitely positive Mitsuda reactions (i.e., 
clinically and histopathologically) to a simi- 
larly prepared suspension of M. lepraemurium 
from infected mice. In marked contrast, 
as expected, 26 tuberculoid patients gave 
positive Mitsuda reactions to all 4 antigens. 
As with a similar report from Zaire by Meyers 
et al (59), the above finding provides impor- 
tant immunological confirmation that infec- 
tion with M. leprae indeed causes lepromatous 
leprosy, also not in all, as in human leprosy, 
but in about 40% of the inoculated armadillos. 


Sources of infection. The accepted view 
is that human cases discharging M. Jeprae 
constitute the only sources of infection, 
whether lepromatous, non-lepromatous and 
perhaps even subclinical. No new evidence 
disputes this long held view. Lepromatous 


patients are known to discharge millions of 
M. leprae from skin lesions, presumably 
even without ulceration according to Muir 
and Chatterjee (63) and Weiner (92), and very 
especially though nasal secretions (69, 16). 
The viability or infectiousness of M. leprae 
from nasal discharges has been demonstrated 
by positive inoculation into mouse footpads 
(16). There is no question with respect to the 
similar viability of M. leprae obtained from 
skin lesions of untreated lepromatous patients. 


Association between “‘heaviness’’ of infec- 
tion with M. leprae and incidence. The well- 
known fact that contact can be traced far 
more frequently to lepromatous than to tuber- 
culoid primary cases was of course recognized 
long ago by Hansen, Rogers and Muir, and 
many other distinguished leprologists. Rogers 
and Muir (80), for example, reported that of 
113 cases in which the probable source could 
be traced, only 5.3% of these sources were 
tuberculoid, while the rest were lepromatous. 
Epidemiologic studies by Lowe and Dhar- 
mendra (54), Lampe and Boenjamin (50) 
and others have likewise been consistent in 
finding the highest incidence among those 
living in close contact with lepromatous cases. 


TABLE 1 


COMPARATIVE AVERAGE ANNUAL 
ATTACK RATES FOR PERSONS 
EXPOSED AND NOT EXPOSED IN 

THE HOUSEHOLD TO LEPROMATOUS 

OR NON-LEPROMATOUS LEPROSY. 

CORDOVA AND TALISAY, CEBU, 
PHILIPPINES 


Attack rate per 1000 
person-years 


With household 
exposure 
Study Without 
To lepro- Tonon- known 
matous leproma- house- 
primary tous hold 
cases primary exposure 
cases 
Ist study: 
1935 
(retrospective) 6.2 1.6 0.8 
2nd study: 
1935-1950 
(observation) 4.4 1.0 0.8 


The cebu studies of the Leonard Wood ~ 
Memorial and the Philippine Department 
of Health were perhaps more precise than 
other epidemiological studies in measuring 
the relative risks of household exposure to 
lepromatous (including Borderline) leprosy 
as compared to the tuberculoid type. As 
summarized in Table 1, in an earlier retros- 
pective pre-survey study (20), it was found that 
when the primary case was lepromatous the 
attack rate for contacts was equivalent to 
6.2 cases of leprosy per 1000 persons per year. 
When the primary case was tuberculoid, how- 
ever, the incidence was 1.6/1000/year, while 
the corresponding rate for persons without 
known household contact was only 0.8/1000/ 
year. Thus the estimated risk of contracting 
leprosy was 4 times higher in close contacts 
of lepromatous cases than in those of tuber- 
culoid cases, and nearly 8 times higher than 
in noncontacts. 


The same population was followed up for 
15 years in a subsequent study (34), which 
this time showed a slightly lower attack rate 
of 4.4/1000/year for contacts of lepromatous 
cases, compared to 1.0/1000/year for contacts 
of tuberculoid cases and again 0.8/1000/year 
for noncontacts. The risk of contracting 
leprosy in this observational study was again 
4 times higher for exposure to lepromatous as 
compared to tuberculoid leprosy. The inci- 
dence among contacts of tuberculoid cases, 
however, was only 14 times that among 
noncontacts. It should be noted from the 
dates in Table 1 that these attack rates were 
obtained in the population of Cordova and 
Talisay, Cebu, before the advent of sulfone 
therapy and of BCG vaccination against 
tuberculosis. 


More recent studies have confirmed the 
above findings. In a recent follow-up of 
about 14,000 contacts in the Chingleput 
District of South India, the attack rate for 
those exposed to the lepromatous type of 
leprosy was 3 times higher than for those 
exposed to the nonlepromatous type. 


Infectivity of tuberculoid leprosy. There is 
no reason to doubt the much lower infec- 
tiousness of tuberculoid as against lepro- 
matous leprosy. There are questions, 
however, regarding the continuing spread of 
leprosy in hyperendemic areas where 90% 
or more of all known cases are tuberculoid. 
Davison in South Africa (17) and Kinnear 
Brown in Uganda (47) among others strongly 
object to the view held by some that only 
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lepromatous cases are infectious. These 
authors believe that lepromatous cases are 
too few and scattered to account for the vary 
high prevalence of leprosy in much of Africa, 
and that of necessity, tuberculoid cases must be 
mainly responsible for the spread of the 
disease. 


Smears from tuberculoid patients are gene- 
rally negative, although after careful search 
and special methods of examination, small 
numbers of M. Jeprae are often demonstrable. 
The bacilli, if present, are likely to be deep in 
the dermis or within nerves and unable to es- 
cape, making such cases “‘closed”’ or relatively 
uninfective. On the other hand, tuberculoid 
cases are liable to undergo periods of clinical 
exacerbation, during which they become 
bacteriologically positive and undoubtedly 
infectious. The part played by tuberculoid 
cases in the spread of the disease may thus 
depend not only on their relative prevalence, 
but also on the frequency, duration and 
severity of these exacerbations which must 
surely make them infectious. 


There are wide geographic and racial diffe- 
rences in the lepromatous-tuberculoid ratio, 
and also in the clinical manifestations of the 
tuberculoid type of leprosy. In Ghana, for 
example, the majority of patients admitted 
to leprosaria are classified as tuberculoid, 
but with painful neuritis and other “re- 
actional’”’ tuberculoid lesions as the reasons 
for admission. In the Philippines, on the 
other hand, most institutionalized patients are 
lepromatous and many tuberculoid cases 
have minimal or solitary lesions which heal 
even without treatment, and among those 
undergoing clinical reaction, painful neuritis 
is only rarely observed. Climatic and other 
environmental influences may cause more 
clinical exacerbations among _ tuberculoid 
cases in some countries than in others, so that 
comparative regional studies of such occur- 
rences are obviously needed. Some consi- 
deration might even be given to the possible 
existence of strain differences in M. leprae 
with varying pathogenicities. 


A theoretical and simplified explanation may 
be offered for the continued high prevalence 
in places where 90° or more cases are tuber- 
culoid and only 10% are lepromatous. 
Assuming a random distribution of the cases, 
we may expect 90% of the population to be 
exposed to tuberculoid primary cases and the 
remaining 10% to the lepromatous primary 
cases. If the risk of contracting leprosy for 
contacts in Cebu were applied to the above 
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population (i.e., 1.6/1000/year for exposure 
to tuberculoid vs. 6.2/1000/year for esposure 
to lepromatous or about 1:4), the following 
attack rates would prevail: (1.6/1000 x 0.90) 


5 1.44 + 0.62 
+ (6.2/1000 x 0.10 = > 2.06 


cases per 1000 persons per year, notably with 
tuberculoid cases contributing 1.44/2.01 x 100 
or 70%, the greater share of the infections. 


Further assuming an average duration of 
5 years for each new leprosy case, an annual 
incidence of 2.06 would cumulate to a preva- 
lence of 10.3/1000 after 5 years; similarly, 
an average duration of 10 years would add 
up to a prevalence of 20.6/1000 after 10 years. 
The hyperendemicity may thus be maintained 
if lepromatous and tuberculoid cases in Africa © 
were at least as infectious as in the Philippines, 
and especially if tuberculoid cases in Africa 
were more infectious than those in Cebu. 
Because of greater total exposure, the less 
infectious but far more numerous tuberculoid 
cases would be responsible for more infections 
than the lepromatous cases. Tuberculoid 
cases are of course highly predominant in all 
areas of the world where the disease is hyper- 
endemic. 


Inapparent or undiagnosed “open cases.” 
It is well known that even in highly endemic 
areas, contact to a known case of leprosy 
cannot be established in the majority of ins- 
tances. Much of this is no doubt attributable 
to the long incubation period and slow 
development of the disease, so that years 
may pass between infection and detection. 
Poor case-finding and the general tendency 
to hide leprosy are also contributory factors. 
If known leprosy cases constitute the sole 
source of infection, careful investigation of 
leprosy in young children would be expected 
to disclose a positive history of contact in 
most of them. Such a finding has never been 
quite realized. Out of 19 cases developing 
in children under 5 years of age, Guinto et al 
(34) found that contact could be traced to an 


antecedent case in only 10 instances. 


All leprologists have seen occasional 
bacterio-positive cases of leprosy with lesions 
so mild and inconspicuous as to escape detec- 
tion for long periods. Such “‘missed”’ primary 
cases, who could have died, moved away or 
even undergone spontaneous healing before 
discovery of their secondary cases, may 
provide a plausible explanation for some 
untraced infections. Although often severe, 
lepromatous lesions may range all the way 


down to almost clinically undetectable cases. 
Muir was to all intents describing what might 
be termed “incubatory” carriers of leprosy 
when he stated in his book that “in many 
lepromatous cases I should say probably 
in the majority of them when the skin is dark, 
leprosy bacilli can be found in the skin, often 
in large numbers, before, there are any visible 
clinical signs’. 


The question of asymptomatic leprosy in- 
fections. As was said, contact sources are 
untraceable in most leprosy cases. Further- 
more, although attack rates are 4 or more times 
higher in contacts than among noncontacts, 
the former contribute only about 1/3 of the 
total cases of leprosy in the community. 
Consideration might thus be given to the possi- 
bility that leprosy may also be spread by 
‘‘healthy’’ carriers. 


Evidence of a possible carrier state in leprosy 
was first advanced by the Bombay group 
led by Figueredo and Desai, and by Khanolkar 
(18, 30); and later by the Johns Hopkins group 
headed by Taylor (89). Desai (18) reported 
finding acidfast bacilli (AFB) in no less than 
610 or 48% or 1266 apparently healthy con- 
tacts (whether of tuberculoid or lepromatous 
primary cases), and presumably only in 31 or 
4% of 756 presumed noncontacts. AFB 
were found in the earlobes, back, forearms or 
thighs of these apparently healthy contacts, 
virtually implying hematogenous dissemina- 
tion of M. leprae (?) in these suspected sub- 
clinical infections. 


Taylor et al (89) presented more believable 
evidence of asymptomatic leprosy in a careful 
study of family contacts from Purulia, Bengal 
as compared to controls from the Punjab. 
AFB were found in skin biopsied from the ears 
of 24 or 20% of 121 family contacts of lepro- 
matous cases, but only in 2 or 2.5% of 80 
contacts of tuberculoid cases, while no AFB 
were found in any of the 50 controls from 
Punjab, where there had been no known 
leprosy for many years. All examinations for 
AFB were done blindly. The proportions 
reported by the Johns Hopkins group would 
be logically expected if the AFB in the ear 
biopsies were actually M. leprae. The authors 
therefore deduced that they had confirmed the 
Bombay findings and demonstrated the 
existence of asymptomatic leprosy infections, 
although without as yet any proof that these 
could spread the disease. 


The reports of a possible carrier state in 
leprosy are important because of their 


epidemiological implication. Dharmendra, 
Sagher and others (24) have also found rare 
AFB, but in far fewer numbers of healthy 
contacts. The prevailing opinion is not in 
favour of a carrier state in leprosy, not until 
the AFB in these individuals are positively 
identified as M. leprae and not merely sapro- 
phytes. It might be possible to obtain suffi- 
cient numbers of AFB from these persons for 
identification by Shepard’s mouse footpad 
inoculation technique. 


A new immunological concept of subclinical 
infection. There has been no specific test for 
detecting past or present infection with M. 
leprae (such as the tuberculin test in tuber- 
culosis), and there is a great need for a means 
of identifying individuals actually or previously 
infected but without clinical signs, including 
possible carriers. According to  Godal, 
Myrvang et al (32, 64, 33), in leprosy as in 
most infectious disease, only a certain pro- 
portion of those exposed actually develop 
clinical disease, while the rest mount a success- 
ful immune response before it has time to 
cause disease; and these individuals should be 
considered to have gone through a stage of 
subclinical infection. 


Godal and Myrvang (32, 64, 33) report that 
two in vitro tests currently used for monitoring 
T-lymphocyte function—(1) the Lymphocyte 
Transformation Test or LTT, and (2) the Leu- 
cocyte Migration Inhibition Test or LMIT— 
are now both sufficiently specific for detecting 
immune responses elicited by M. leprae 
alone, if unautoclaved M. leprae is used as the 
antigen in these tests. A total of 71/122 
or 58% of medical attendants working closely 
with leprosy patients in Ethiopia responded 
positively (with greater than 2°%% transforma- 
tion) to LTT, and 37/52 or 71% of them 
responded positively (with greater than 80% 
migration) to LMIT. Similarly, 18/29 or 
62% of contacts of tuberculoid cases gave 
positive LTT reactions, compared to 24/59 
or 41% of contacts of lepromatous cases; 
only 12 household contacts were examined 
by LMIT and 6 or 50% gave positive reac- 
tions. In contrast, none of 26 individuals 
from nonendemic areas responded to LTT 
and all of the 10 tested with LMIT gave 
negative reactions. The authors consider 
the above results with LTT and LMIT as 
new evidence to the effect that subclinical 
infection occurs frequently in leprosy. 
Leprosy is made to appear much more con- 
tagious than indicated by known prevalence 
and incidence rates. In particular, tuber- 
culoid leprosy is made to appear highly in- 
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fectious. The numbers of contacts and con- 
trols tested with LTT and LMIT by the 
Godal-Myrvang procedure are relatively 
small. Because of the implication to 
epidemiology, their findings certainly require 
further investigation and confirmation by 
others. 


Infectivity of solid and nonsolid M. leprae. 
Two recent laboratory findings are important 
from an epidemiological standpoint: (1) M. 
leprae which appear beaded or nonsolidly 
stained by the Ziehl-Neelsen method are 
considered dead (noninfective), primarily 
because they fail to multiply in mouse foot- 
pads; and (2) solidly stained M. /eprae are 
considered viable (infective), because they 
multiply consistently in mouse footpads (58). 
As a result, two laboratory criteria have been 
adopted for measuring the infectiousness of 
patients who are still bacteriologically posi- 
tive: (1) the Morphologic Index (MI) or 
percentage of solid M. leprae in smears or 
biopsies; and (2) infectivity to mice of M. 
leprae taken from leprosy patients by tissue 
biopsies. Using these laboratory criteria, 
infectiousness is mot determined by the 
patient’s Bacteriologic Index (total numbers 
of AFB in smears or biopsies), but instead by 
his MI, and particularly by the results 
of mouse inoculation. Even if still heavily 
bacteriologically positive, a patient is assumed 
no longer infectious if his MI is 0%, and 
particularly if M. leprae obtained from his 
biopsy fails to multiply in mouse footpads. 


The original study by Shepard, Levy and 
Fasal (83), and a series of “‘short term’’ drug 
trials (i.e., based on serial mouse footpad 
inoculations of M. leprae obtained from the 
patients during the first six months of therapy) 
currently being conducted in Cebu have 
definitely shown that M. leprae taken from 
lepromatous patients after 90 days of standard 
DDS therapy are no longer infective to mice. 
It has been deduced from this finding that 
lepromatous patients are made_ virtually 
noninfectious (i.e., infectiousness is reduced 
by more than 99% from pre-therapy levels) 
by only 90 days of therapy with DDS. This 
assumption is important, because it may be 
taken to mean that current leprosy control 
measures can be reduced to a minimum, 
i.e., to treatment of all patients and contacts 
for 90 days. Epidemiological evidence to 
the effect that the infectiousness of lepro- 
matous patients is markedly—but not com- 
pletely— reduced by DDS therapy long before 
they become bacteriologically negative, is 
shown or at least suggested by the rather 
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limited and mainly retrospective studies by 
Worth in Hongkong (93, 94) and by Razi 
et al in Venezuela (72), and also that by 
Figueredo et al (31) in Bombay. 


In view of the implication to epidemiology 
and control, however, Bechelli and Guinto (4) 
and others have urged that the above assump- 
tion should first be confirmed by more defini- 
tive clinical and epidemiological studies before 
being accepted. Evidence is cited against 
the finding that lepromatous patients are 
rendered noninfectious after a few months of 
DDS therapy. As shown by now increasingly 
available literature (4, 71), relapses occur in 
many lepromatous patients rendered bacterio- 
logically negative by 5 or more years of conti- 
nuous treatment with 50 to 100 mgm. of DDS 
daily, and presumably even in patients who 
continue taking DDS after becoming bacterio- 
logically negative. Attention was also called 
to the results of the Chingleput chemopro- 
phylaxis trial (14, 25, 26) in healthy children 
living with lepromatous index cases. Over 
54 years of actual observation in this strictly 
controlled double-blind study, leprosy deve- 
loped in 48/360 or 13.3% of untreated healthy 
child contacts receiving placebos; but signi- 
ficantly, also in 23/359 or 6.4% of the children 
treated prophylactically with DDS at doses 
approaching standard therapeutic doses. The 
authors also pointed out that 25 years of DDS 


therapy all over the world, in leprosy patients 


who must all be considered overtreated if 
judged by mouse infection standards, has not 
significantly lowered the prevalence of leprosy 
on a world-wide basis. 


Manner of Transmission 


Portal of entry. The exact mode of trans- 
mission remains unascertained. As_ said, 
tremendous numbers of M. leprae are dis- 
charged from the skin lesions and nasal mucus 
of “‘open”’ cases (16, 69). However, judging 
from the very low MI or percentage of solid 
bacilli in untreated cases in Cebu and else- 
where (i.e., 4% to less than 1%), only a very 
small proportion of the discharged bacilli 
may be infective. 


For a long time the prevailing opinion has 
been that the bacilli usually enter the body 
through wounds in the skin, by direct person 
to person or skin to skin contact, or through 
fomites. If the point of entry is the skin, 
a break in continuity through injury, derma- 
toses or insect bites must be necessary, 
because M. leprae, uncultivable under the 
best conditions, is certainly unable to penetrate 


intact skin. In support of the cutaneous 
route, Rogers and Muir (80) long ago observed 
that initial lesions were more frequent on the 
feet and legs of patients from stony regions 
of India than in those from places where the 
soil was alluvial. Two often quoted instances 
of accidental cutaneous transmission are 
the Marchoux report (57) of a medical atten- 
dant whose finger was pricked during an 
operation for the removal of a lepromatous 
nodule, and who developed an anesthetic, 
bacterio-positive lesion around the site of the 
puncture some years later; and that by Porritt 
and Olsen (70) of two Marines from Michigan 
who were tattooed at the same time in 
Australia during World War II, and who both 
developed classical tuberculoid leprosy in 
the tattooed areas 24 years later. 


Nolasco and Lara (68) made a noteworthy 
study in Culion of a 15-month old child with 
a solitary lesion on the right knee and who 
died suddenly of pneumonia. Detailed histo- 
pathological study at autopsy revealed the 
lesion on the knee to be a leproma, but after 
an exhaustive search no other findings were 
seen in the child’s body except a few AFB 
in one right inguinal lymph node. The 
authors concluded that the lesion on the knee 
of this child, as well as those of numerous 
instances of solitary lesions they had seen in 
children of Culion pattents (51), were primary 
foci (i.e., the point of entry) and not the result 
of hematogenous dissemination. 


Many new or early cases of leprosy in Cebu 
show no finding except minimal single lesions 
of nonlepromatous appearance and histo- 
pathology. For example, 23/76 or 30.2% of all 
the new cases of leprosy discovered during a 
re-examination of the population of Cordova 
in 1967 consisted of cases with small solitary 
lesions. It is logical to assume that these 
single lesions constitute the actual sites of 
inoculation through the skin, as concluded 
by Lara and Nolasco (51, 68) and many 
others. 


In a new report by Bechelli et al (5) the 
particular sites of the solitary lesions of tuber- 
culoid and indeterminate leprosy in 469 
Burmese child patients were as follows: 
buttocks and thighs 37.7%, upper extremities 
53.1%; legs and feeeei3:8%; trunk 12.7%; 
and face 2.5%. It was deduced that in Burma 
the predilection of single early lesions for 
certain regions of the body did not appear to 
depend on whether these parts were exposed 
or not. In a much earlier Cebu study (19), 
the locations of the first lesions in 79 patients 


with reliable examinations were as follows: 
buttocks and thighs 42.1%; upper extremities 
20.35°: legs: and ifeet-23.7.74: trunk .3.9 7%; 
and face4%. It has been argued, with reason, 
that if the portal of entry in leprosy were purely 
cutaneous, the feet and legs, upper extremities, 
and/finally the face should show the highest 
frequencies of primary foci instead of the 
buttocks and thighs, because the latter are 
relatively unexposed. 


Aside from the fact that nasal secretions 
from lepromatous patients have been shown 
to contain numerous infective M. leprae 
(16, 69), there is increasing opinion to the 
effect that the skin is not the usual and much 
less the only portal of entry in leprosy. 
Weddell et al (91) found solid AFB in the 
Schwann cells of biopsied nerve twigs taken 
at points far removed from the single lesions 
of some nonlepromatous patients. They 
have concluded that M. leprae must disse- 
minate primarily via the blood stream. In 
line with this finding, Weddel et al (91), Newell 
(67) and lately Rees and Meade (75) are of the 
opinion that the passage of M. leprae through 
the upper respiratory tract is a much more 
likely route of infection than cutaneously. 
It is pointed out that initial or solitary skin 
lesions are possible with systemic spread 
(assuming a nasopharyngeal route), because 
such lesions could conceivably be caused by 
trauma as a localizing factor. 


Newell has long contended, with reason, 
that most of the epedemiological features of 
leprosy are better explainable by a respiratory 
than a cutaneous route of infection. Rees 
and Meade state that the numbers of M. 
tuberculosis in sputum from open cases of 
tuberculosis, and of M. leprae in the nasal 
secretions of lepromatous patients are similar; 
and that attack rates in families and contacts 
are likewise similar for both diseases, so that 
by analogy, tuberculosis and leprosy are likely 
to have the same manner of transmission. 


From the foregoing, it would appear that 
leprosy may be spread either percutaneously 
or by inhalation. Solitary nonlepromatous 
lesions appear more likely to be primary 
foci rather than secondary sites localized by 
trauma. Itis probable that most lepromatous 
cases are infected via the respiratory route. 
In Cebu, very few lepromatous cases have 
been observed to develop from early single 
lesions. 


Skinsnes (75) has recently reminded IJL 
readers that the view of the spread of leprosy 
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through the nasal mucosa is by no means new. 
He quotes Leloir (1886), Goldshmidt (1891), 
Mouritz (1916) and Jeanselme (1934) as 
having already suggested long ago that in- 
fection might take place by inoculation at 
broken skin surfaces or inhalation through 
mucous surfaces; and also that Rogers and 
Muir had commented in 1946 on “the 
commonly held view that the organism may 
find access through abrasions of the skin or 
the nasal mucous membrane’’. 


The case for transmission by arthropods. 
Since it is virtually certain that M. leprae 
is unable to penetrate intact skin, a number of 
authors, particularly Dungal (28, 29) and 
Munos Rivas (61, 62) have long been con- 
vinced that biting or blood-sucking insects are 
logical and even obligatory transmitters of 
leprosy (i.e., analogous to typhus and plague). 
The fact that attack rates are 4 or more times 
higher among household contacts of lepro- 
matous cases than others could be attributable 
to transmission by housebound or nonflying 
insects such as fleas, bedbugs, lice or the 
acarinae of scabies, all of which are extremely 
common in all areas where leprosy is highly 
endemic. Despite working in close contact 
with leprosy patients, the disease is not unduly 
frequent among the medical and nursing staffs 
of leprosy institutions. Leprosy also does 
- not seem to spread when introduced into 
cities or areas where the disease is currently 
nonendemic. It has been put forth that 
these epidemiclogical observations are ex- 
plainable by the presence or absence of insect 
vectors of household range. 


Large numbers of AFB have long been 
found in the stomachs of insects. As cited 
by Dungal (28, 29), Sandes as early as 1912 
found AFB in 20/60 fleas and in 20/75 bedbugs 
fed on leprosy patients. Munos Rivas (28, 
29, 61, 62) found AFB in 32/200 or 16% of 
the fleas caught in a leprosy clinic in Colombia, 
but presumably in none of 575 fleas caught in 
places free from leprosy. He also examined 
1627 fleas fed experimentally on leprosy 
patients and found AFB in 187 or 11.4% 
of them. Munos Rivas likewise reported 
finding many AFB in the intestine of Acarus 
scabiei collected from dwellings of leprosy 
patients. 


The fiea (Pulex irritans) has been considered 
a prime suspect in Colombia and in Iceland 
by Munos Rivas and Dungal, respectively. 
The flea is said to live as long as 500 days, 
may stay hungry for weeks waiting for a 
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chance to suck blood, and its bite easily 
reaches the dermis. The bedbug (Cimex 
lectularius) is a very common household and 
bedroom insect in the Philippines. Like the 
flea, bedbugs have a long life, can live a long 
time without drawing blood, and attack 
people in bed, piercing right into the dermis. 
If M. leprae could remain viable for long 
periods in their digestive tracts, fleas and 
bedbugs might account for some untraceable 
infections. 


Scabies has been associated with leprosy 
since the time of Danielssen and Boeck. 
The frequency of scabies has been taken as a 
rough indicator of leprosy by Innes (46) and 
others. Aside from the burrowing of female 
mites into the epidermis, infected and 
ulcerated scabies would facilitate the entry 
of M. leprae through the skin. AFB have also 
long been found in mosquitoes (28, 29). 
However, leprosy might be expected to be 
more widespread and less limited to house- 
holds with primary cases if flying insects with 
a relatively wide range of movement were 
significant transmitters of the disease. Lice 
do not appear to be likely vectors; they are 
short-lived, have no mobility and die in a 
few days if unable to suck blood. 


Transmission by arthropods, however likely, 
has been impossible to prove so long as 
M. leprae remains uncultivated and untrans- 
mitted to experimental animals. The identi- 
fication of M. leprae by Shepard’s mouse 
footpad technique has now provided investi- 
gators with a possible means of verifying 
insect transmission, and it is gratifying that 
valuable experimental work in this field has 
been conducted by the USPHS-JIPMER 
(Jawaharlal Institute of Postgraduate Medical 
Education and Research) project in Pondi- 
cherry, India, headed by Dr. Kirchheimer. 


In a series of recent articles (55, 56, 65, 66), 
The USPHS-JIPMER group of investigators 
have reported the following: (1) Bacillemia 
was found in 100% of 38 untreated lepro- 
matous patients, and in none of 15 tuber- 
culoid patients; and mouse footpad inocula- 
tion for M. leprae was positive in 7/15 patients 
with bacterimia. (2) Laboratory-reared Culex 
fatigans and Cimex hemipterus were fed on 
untreated lepromatous patients; 27/38 or71% 
of the mosquitoes and 18/35 or 51% of the 
bedbugs ingested AFB as seen by microscopy; 
and two mouse inoculation trials with mos- 
quito homogenates were positive for M. 
leprae. (3) Mosquitoes, bedbugs, head lice 


and scabies mites were collected from dwel- 
lings of lepromatous patients, and from con- 
trol dwellings without leprosy. Arthropod 
pools obtained from patients’ dwellings were 
microscopically positive for AFB in 4.1% 
of Anopheles, 3.6% of Culex, 7.4% of Pedi- 
culus and in a single pool of Sarcoptes. 
However, in the control dwellings, AFB 
were also found in 7.7% of Anopheles, 6.8% 
of Culex, 9.2% of Cimex, in none of Pedi- 
culus, and in 2/3 Sarcoptes pools. Positive 
mouse footpad inoculation was found in 
2 Culex pools, 1 collected from patients’ 
dwellings and other from controls. (4) Labo- 
ratory-reared mosquitoes and bedbugs fed 
on lepromatous patients were inoculated into 
mouse footpads at various time intervals after 
feeding. M. leprae was reported viable for a 
minimum of 5 days in the digestive tracts 
of Culex fatigans and for 4 days in Cimex 
hemipterus. The authors have concluded 
with reason that arthropods are very capable 
of ingesting and retaining viable M. leprae 
for certain periods and must be considered 
very capable of transmitting leprosy. 


It is possible that final proof of transmission 
of leprosy by arthropods may be obtained by 
exposing armadillos to appropriate arthro- 
pods which have been fed on untreated lepro- 
matous patients, or obtained from the dwel- 
lings of newly discovered (i.e., untreated) 
lepromatous cases. 


Broad Epidemiological Features 


Race. Leprosy occurs in all races, whether 
black, brown, yellow or white. No reliable 
comparisons of relative resistence by race are 
possible, because of the lack of incidence 
figures for different racial groups living under 
equal conditions of exposure as well as 
environment. Hayashi (45) in 1935 probably 
first noted the great variation in the severity 
of leprosy in different parts of the world. 
The relative frequency of two polar types 
varies greatly, racially and geographically. 
In general, only about 15% of all known cases 
in India are lepromatous, compared to 40% 
to 50% or more among Caucasians, Japanese, 
Chinese and Koreans. The lepromatous 
rate may vary from 30% to 40% in Burma, 
Thailand, Malaysia and the Philippines. In 
the hyperendemic areas of Africa, however, 
lepromatous cases may constitute less than 
10% of the total prevalence. 


Distinct variations, geographic as much as 
racial, have also been noted concerning 
certain clinical manifestations: The maculo- 


anesthetic and primary polyneuritic types of 
tuberculoid leprosy are much more common 
in India than elsewhere. The diffuse necro- 
tizing form of lepromatous leprosy described 
as “‘Lucio”’ leprosy is apparently found exclu- 
sively in Central America, particularly in 
Mexico and Costa Rica. Lepromatous alo- 
pecia is said to be observed only in Japan. 
The reasons for such racial and geographic 
variations are not clear. Genetic variability 
is implied, both human and in the leprosy 
bacillus. Although different strains of 
M. leprae from various parts of the world . 
have shown similar growth patterns in mouse 
footpads, this does not mean that they may 
not have different pathogenicities. 


Sex. Prevalence and incidence figures are 
consistent everywhere in the absence of any 
sex difference in the tuberculoid type of leprosy 
at any age. Equally consistent are preva- 
lence rates all showing a significantly greater 
frequency of the lepromatous type in the male 
sex, though usually only in persons over 
14 years of age. The sex variation in lepro- 
matous leprosy has ranged from 1.5 to 3.0 
males to each female. 


The excess of the lepromatous type in 
males has been shown in a Cebu study (2) to 
be caused by a higher attack rate and not be- 
cause of longer duration of the disease in the 
male sex. The average attack rate for lepro- 
matous leprosy was 1.8/1000/year in males 
compared to 0.8/1000/year in females, while 
the average duration was estimated at 15.7 
years in males and 15.4 years in females. 
Some excess of lepromatous leprosy was also 
seen in the attack rate among male children, 
further indicating that males are inherently 
more susceptible. It would be necessary, 
however, to show a significantly higher lepro- 
matous attack rate in males during childhood, 
where contact opportunities are approxi- 
mately equal for both sexes, for definite proof 
of a sex difference in susceptibility. No such 
figures are yet available, in part because of the 
very low incidence of the lepromatous type 
in early childhood and in children under 
10 years of age. 


Age. Leprosy occurs from infancy to old 
age. Isolated instances of leprosy in infants 
were reported by Dreisbach (27) at 7 months, 
by Rodriguez (79) at 8 months and by Lara 
(46, 68) at 9 to 11 months of age. As cited 
by Newell (67), Lara observed that 66% of 
200 children born in Culion and not isolated 
at birth developed some form of léprosy 
before the age of 2 years; 36% of these children 
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showed lesions between the ages of 3 and 6 
years; and significantly, the lesions, mostly 
of minimal nature, healed spontaneously in 
717°% of the cases before the children reached 
adolescence. During the years before sulfone 
therapy, Rodriguez and others including the 
writer have observed many instances of small, 
solitary and anesthetic lesions in children 
which disappeared without treatment within 
1 to a few years. These self-healing minimal 
infections are certain to be missed unless 
seen during their active stage. 


Leprosy also manifests itself for the first 
time in the aged. In a resurvey of a commu- 
nity in Cebu (34), 13 cases—10 tuberculoid 
and 3 lepromatous—were discovered in 
persons over 50 years of age, 11 of whom had 
been previously examined and found without 
leprosy. In a single year, 43 new cases— 
33 tuberculoid and 10 lepromatous or border- 
line—were discovered among the consultations 
at the Cebu Skin Clinic in persons over 50 
years of age, of whom 10 were more than 
70 years old; and the average stated duration 
of the lesions in these cases was 2.06 years. 


It is a fact that children are much more 
susceptible than adults. In the Cebu studies 
(20, 34), the peak of the attack rate was found 
in the age group 10-14 years, both for lepro- 
matous and tuberculoid leprosy, and among 
household contacts as well as in the rest of 
the population, although the median age was 
younger among household contacts. A rapid 
decline took place after adolescence, but new 
cases still occurred in adults. 


Doull (23) has noted that in highly endemic 
areas, the average age when the first signs are 
detected is very much earlier than in areas 
where the disease is rare. In Texas, for 
example, Kluth (49) found that the average 
age at stated onset was 40 years, as compared 
with the maximum attack rate in Cebu at 
10-14 years. Doull concluded that the age at 
which leprosy is contracted depends primarily 
on opportunities for exposure, and that the 
explanation for the rapid decline in attack 
rates after adolescence in highly endemic 
areas was the acquirement of resistance, due 
to still unascertained causes. 


The Question of Genetic Susceptibility to 
Leprosy 


An inherited predisposition to leprosy has 
long been suspected, which implies that some 
' persons may have one or more genes which 
make them more susceptible than those with 
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the alternate genotype; but appropriate ex- 
posure to M. leprae infection is of course still 
necessary to cause disease. Evidence for 
genetic factors in leprosy is considered in 
this section. 


Racial and geographic variations. Apart 
from the marked racial and geographic vari- 
ability in clinical manifestations mentioned 
in the section on Broad Epidemiological 
Features, it is reported that expatriate racial 
groups tend to continue developing the parti- 
cular types of leprosy to which they were 
susceptible in their own native lands. It is 
said that in Brazil and South Africa, the 
disease is more severe in whites than among 
the natives; in Malaysia, the lepromatous 


rate is higher among Chinese compared to 


Indian settlers; in Burma, the Burmese suffer 
from a more serious disease than Indians; 
and in India, there is more lepromatous leprosy 
among Anglo-Indians than in pure blooded 
Indians. This naturally suggests the exis- 
tence of human genetic factors which may 
vary according to race, since environmental 
influences are somewhat minimized. 


Familial aggregation of cases. Leprosy is 
not randomly distributed in communities and 


occurs more frequently in certain families 


than in others, suggesting a possible familial 
segregation of genes with differing suscepti- 
bilities. This concentration in families, how- 
ever, may be due as much to increased ex- 
posure as to hereditary predisposition. Chil- 
dren of leprous parents isolated at birth do 
not develop leprosy as often as unisolated 
children, and many reports tend to show that 
the risk of leprosy in child contacts increases 
both with duration and intimacy of the con- 
tact. Unfortunately, no studies are possible 
of sex and age-specific attack rates in persons 
directly related to a primary case in the 
family as compared to those not related but 
equally exposed to the same primary cases. 


As reported by Aycock and McKinley (1), 
leprosy clusters developed among French 
Acadians expelled from Nova Scotia in 1877 
and who migrated either to nearby New 
Brunswick or to Louisiana. Assuming com- 
plete ascertainment of data, which is unlikely, 
Spickett (85, 86) analyzed two pedigress of 
a large kinship from the new Brunswick group, 
using a sibship method. He concluded from 
this limited analysis that leprosy may be 
inherited as a simple autosomal irregularly 
dominant trait, with up to 83% “‘penetrance” 
of the gene. A number of pedigree and sib- 
ship studies of leprosy have been reported, 


but all are questionable because of conflicting 
results and obvious shortcomings in the 
material. It may be concluded that no speci- 
fic mode of inheritance, if it exists, can yet be 
determined from available family data on 
_ leprosy to date. Recent advance in the techni- 
ques of segregation analysis promise better 
chances, but still contingent on the collection 
of accurate family data. 


Leprosy in twins. Twin studies are consi- 
dered an important tool for indicating genetic 
susceptibility, because the strong environ- 
mental component which characterized leprosy 
would be minimized in such studies. Moha- 
med Ali and Ramanujam (60) have reported 
a notable study conducted in South India, of 
leprosy in 35 pairs of twins—23 monozygotic 
(identical) and 12 dizygotic (fraternal). Aside 
from identical appearance and sex, mono- 
zygosity was presumably affirmed by blood 
group and fingerprint determinations. The 
results are summarized in Table 2, to. which 
the writer has added a small number of obser- 
vations of leprosy in twins in Cebu (40). 
The Cebu figures consist of 4 pairs of mono- 
zygotic twins, all young females of identical- 
twin appearance and 1 pair of young dizygotic 
twins of opposite sex. 


Taking the combined figures of Table 2(a), 
among 27 monozygotic pairs, concurrent 
leprosy of the same clinical type occurred in 
20 (70.1%), and of dissimilar type in 3 (11.1%), 
while in 4 (17.4%) leprosy was found in only 
one member of each pair. In marked con- 
trast, among 13 dizygotic pairs, 1 (7.7%) 
showed concurrent leprosy of similar type, 
1 (7.7%) also of dissimilar type, while no less 
than 11 (84.6%) showed leprosy in only one 
member of the pair. The very high concor- 
dance for leprosy among the monozygotic 
twins, along with the equally high discordance 
among the dizygotic twins, strongly suggest 
a hereditary factor in leprosy. No less than 
20 or 87% of the 23 affected monzygotic pairs 
developed the same type of disease presumably 
at about the same time. 


The writer has not read the new monograph 
(15) by Chakravartti and Vogel (i.e., a Twin 
Study on Leprosy), except for a table showing 
the figures in Table 2(b), in which no distinc- 
tion was made for leprosy in only one of each 
pair among the 102 pairs of twins—62 mono- 
zygotic and 40 dizygotic—included in their 
study. It would appear that dissimilar and 
single infections among twins were both consi- 


TABLE 2 
CONCORDANCE OF LEPROSY IN MONOZYGOTIC AND DIZYGOTIC TWINS 


Leprosy in both members 


Study Zygosity Twin Leprosy in one 
pairs Similar type Dissimilar type member only | 
examined (concordant) (Discordant) (Discordant) 
(a) Mohamed Ali & Ramanujam, and Guinto: 
India (1) Monozygotic 23 17 {73.9779 2.C:82h 4 (17.4%) 
Dizygotic 12 1 C833) I(-8:3349 10 (83.3%) 
Philippines Monozygotic 4 3 (foe) D(23.055) 0 
Dizygotic 1 0 0 1(100.0%) 
Monozygotic 27 20 (74.1%) 3: (iti) 4 (14.8%) 
Dizygotic 13 LC 7 7133 11 (84.6%) 
TOTAL 40 21; 32.55 4 (10.0%) thal Oo) 
(b) Chakravartti & Vogel: (Concordant) (Discordant) 
India (2) Monozygotic 62 37 (59.7%) 25 (40.3%) 
Dizygotic 40 8 (20.0%) 32 (80.0%) 
TOTAL 102 45 (44.1%) 57 (55.9%) 
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dered discordant by Chakravartti and Vogel. 
Their findings, as seen in Table 2(b), also 
show a higher concordance for leprosy in 
identical as against fraternal twins, although 
much less than in the Mohamed Ali and 
Ramanujam report. 


Even genetic studies in twins should be 
interpreted with some caution. Aside from 
the usually limited numbers and doubts as 
to the reliability of zygosity determinations, 
there is often a high degree of selection in 
such studies, because the disease (particularly 
leprosy) in both members of a pair is more 
likely to call attention than disease in only 
one member. Monozygotic twins, aside 
from having the same sex, also share more 
identical conditions of environment than 
dizygotic twins, so that even traits not consi- 
dered hereditary such as homosexuality and 
criminal behavior are said to be more common 
among the former. Nonetheless, and _ al- 
though the figures in Table 2 do not sugest 
the mode of inheritance, the foregoing twin 
studies provide important suggestive evidence 
in favour of genetically determined predis- 
position to infection with M. /eprae. 


Leprosy and genetic polymorphisms. Aside 
from major and minor blood groups, many 
genetic systems have been investigated for 
possible association with leprosy. A _ signi- 
ficantly higher or lower frequency of a known 
genetic marker in leprosy of either polar type, 
as compared to controls, would imply the 
possible involvement of some human genetic 
factor, although it would still be necessary to 
determine the mechanism by which the genetic 
marker in question may affect individual 
resistance or _ susceptibility’ to leprosy. 
LeChat (52) has reviewed the extensive litera- 
ture available concerning the ABO blood 
groups in leprosy and condensed them into a 
single table; the findings in this table are 
contradictory even among the more reliable 
reports, and it is certain from this review that 
there is no striking association between leprosy 
of any type and the ABO blood groups. In 
a well-controlled study (52). LeChat et al 
also failed to find any very significant associa- 
tion between lepromatous or _ tuberculoid 
leprosy and the ABO, Rh, MNSs, Kidd, 
Kell, Cellano, Duffy, Lutheran and P! blood 
group systems. 


Beiguelman (7) appears to have found a 
lower frequency of taste sensitivity to 
phenylthiourea (PTC) in leprosy patients as 
against controls, but did not relate this finding 
to any particular type of leprosy. LeChat 
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et al (53) likewise tested large groups of 
lepromatous cases, tuberculoid cases and 
controls for comparative frequencies of the 
sex-linked enzyme, — glucose-6-phosphate 
dehydrogenase (G6PD), and of 4 genetically 
controlled serum proteins—haptoglobulins, 
transferrins, group-specific component (Gc) 
and the beta-lipoprotein Ag. These authors 
found some association between haptoglobulin 
polymorphism and leprosy, but caution was 
recommended in the interpretation of this 
particular finding until confirmed by others. 
So many comparisons between leprosy cases 
and controls have been made concerning 
genetic polymorphisms that some statistically 
significant differences may turn up purely 
by the operation of chance. 


Leprosy and Australia Antigen. Australia 
Antigen or Au(1) (also known as hepatitis 
associated or HA Antigen) is closely related to 
the hepatitis virus, if not part of the virus itself. 
Au (1) is found only transiently or within 
days to a few weeks in patients with acute 
virus hepatitis. Individuals with persistent 
Au (1) in the blood for months or years, 
however, are usually without symptoms and 
could be carriers of the hepatitis virus. 


From extensive tests (involving several 
hundreds of lepromatous cases, tuberculoid 
cases and controls) by Blumberg et al in Cebu 
(9, 10, 11, 12), South India (13) and elsewhere, 
it was established that there was significantly 
higher frequency of Australia Antigen in 
patients with lepromatous leprosy (Phil; 
10.1%; India 6.2%), than in patients with 
tuberculoid leprosy (Phil. 4.3%; India 2.1%), 
or in persons without leprosy (Phil. 5.0%; 
India 2.0%) from the same area. Au (1) 
was more common in males than in females, 
and its frequency decreased with increasing 
age, thus simulating the distribution of lepro- 
matous' leprosy. Institutionalized lepro- 
matous patients did not have a higher fre- 
quency of Australia Antigen (8.8%) as com- 
pared to lepromatous patients living at home 
(11.9%), minimizing institutionalization as a 
selective environmental factor. Lepromatous 
patients in Cebu retested for Au (1) after 1, 2 
or 3 years showed considerable persistence of 
the trait after 1 or 2 years, but this persistence 
decreased after the third year (12). Lepro- 
matous patients positive for Au (1) were 
reported with slightly elevated SGPT levels, 
suggesting that they may have chronic anicte- 
ric hepatitis (11). 


The cell-mediated immune response is 
involved in resistance to infection with 


mycobacteria as well as viruses, both being 
intracellular parasites. It is now known that 
cellular immunity is depressed in lepromatous 
leprosy, and that the impairment of CMI 
is both specific and of generalized nature. 
For the latter reason, lepromatous patients 
would be expected to be more susceptible 
to chronic virus hepatitis than tuberculoid 
patients or controls, and thus to show 
detectable Au (1) for extended periods. 


In addition, however, Blumberg et al (12) 
conducted family studies of Australia Antigen 
in Cebu and in Bougainville, New Guinea. 
They have reported that a segregation analysis 
of both studies showed a familial distribution 
of Au (1) which was consistent with that of 
simple autosomal recessive Mendellian in- 
heritance. Asa result, they offer an alternate 
interpretation for the association between 
Australia Antigen and lepromatous leprosy. 
Individuals homozygous for a postulated gene 
designated Au/Au or Au/Au. The postu- 
lated gene which in double dose (Au!/Au!) 
confers increased susceptibility to chronic 
hepatitis may also confer susceptibility to 
infection with some other immunologically 
related organism, such as M. leprae. Thus, 
in areas where both gene and the related orga- 
nisms are common, as in the Philippines and 
India, there would be a correlation between 
chronic hepatitis and lepromatous leprosy. 
The assumption is further made that, as may 
sometimes occur, bearers of Au /Au_ genes 
may be at some advantage when infected 
with the hepatitis virus in that they develop 
mild and even subclinical symptoms; but these 
same homozygous bearers of susceptibility 
genes may suffer a compensatory disadvantage 
in that when chronically infected with the 
other related organism, M. leprae in this 
instance, they may develop serious disease or 
lepromatous leprosy. The authors carefully 
emphasized the very conjectural nature of this 
genetic hypothesis and recommended further 
investigations to confirm its existence.* 


Genetics and reactivity to lepromin. The 
early (Fernandez) reaction to lepromin is a 
delayed-type hypersensitivity reaction, and 
the late (Mitsuda) reaction is a tuberculoid 
granuloma, occasionally referred to as a 
delayed-type hypersensitivity granuloma. 
Both are expressions of competent cellular 
immunity. In analogy with tuberculoid 
lesions, it is considered that a positive Mitsuda 
reaction additionally prespupposes the ability 
of tissue macrophages to phagocytize and 


* Only a prospective study can establish the validity 
of this hypothesis—Editor 


to lyse the killed M. leprae in the lepromin 
before being able to change, or rather to 
mature, into the epithelioid and giant cells 
characterizing the nodular late lepromin 
reaction. For this reason, the granulomatous 
Mitsuda reaction is probably more indicative 
of resistance than the allergic Fernandez 
reaction. In certain immunological condi- 
tions, hypersensitivity is not positively asso- 
ciated with resistance. 


Mainly on the assumption that the total 
prevalence of lepromatous leprosy is always 
lower than the total prevalence of lepromin- 
negative persons in any population, it has been 
suggested by Newell (67), Turk (90) and some 
others that the development of the disease is 
associated with a host-determined charac- 
teristic present only in a small but fixed 
proportion of individuals. Rotberg, for 
example, believes that certain individuals are 
born without a designated “‘N-factor’, and 
as a result are incapable of ever becoming 
lepromin-positive at any age and under any 
provocation, whether by BCG vaccination, 
repeated lepromin testing, leucocyte transfers 
or “Transfer Factor”. Only persons lacking 
the so-called N-factor are presumed to develop 
lepromatous leprosy upon infection. It has 
also been reported (6) that cultures of blood 
macrophages from lepromatous patients 
anergic to lepromin are unable to lyse 
M. leprae but can lyse other mycobacteria, 
whereas macrophages from Mitsuda positive 
tuberculoid cases and controls can lyse M. 
leprae as well as other mycobacteria. None 
of the foregoing observations can be consi- 
dered confirmed, but all suggest a genetic basis 
for lepromin reactions and that only primarily 
lepromin-negative individuals may develop 
lepromatous disease. 


Very large numbers of normal persons of 
all ages have been lepromin-tested in Cebu 
in the course of a series of published lepromin 
studies (21, 35, 36, 37, 38, 39, 41). The 
population is extremely reactive to lepromin, 
even at the conservative 5 mm. level of positi- 
vity adopted in Cebu. Infants are lepromin- 
negative but adults are almost universally 
lepromin-positive. Reactivity to lepromin 
increases very sharply with each year of age 
during childhood, this from natural causes 
and without the benefit of BCG vaccination. 
Significanly, no differences were observed in 
the frequency of Mitsuda reactions according 
to sex or age, between families of lepromatous 
cases, families of tuberculoid cases, and 
families without known leprosy (36). The 
Cebu lepromin findings do not support a 
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genetic hypothesis for reactivity to lepromin 
and disagree with a more limited study by 
Beiguelman (6,8) which apparently showed 
that children born of lepromin-negative 
parents (lepromatous cases) were definitely 
less reactive to lepromin than the children of 
lepromin-positive parents. 


Healthy adults in Cebu generally remain 
lepromin-positive most of their lives. Purely 
lepromatous cases tend to remain lepromin- 
negative many years after becoming clinically 
inactive and bacteriologically negative follow- 
ing treatment with sulfones. In 1974, 
however, more than 100 formerly lepromatous 
and borderline cases who had been discharged 
5 to 10 or more years from the Eversley 
Childs leprosarium in Cebu were lepromin- 
tested; and 51 or 50% were or had become 
Mitsuda positive. Lepromatous cases are 
usually tested and found anergic to lepromin 
after the disease has developed; and previous 
reactivity, whether positive or negative, is 
not known. It is possible for such cases to 
have been originally lepromin-positive and 
to have lost it upon developing the disease. 
At least 4 instances have been noted in Cebu 
(40) of lepromatous leprosy in lepromin- 
positive persons (tested before they developed 
the disease) who became lepromin-negative 
when the disease appeared, although none of 
the 4 had a strongly postitive Mitsuda reaction 
at the outset. 


Following exacerbations or clinical worsen- 
ing, tuberculoid cases may change to 
“‘tuberculoid in reaction’, and indeterminate 
cases more often than tuberculoid ones into 
instances of “‘reactional tuberculoid’’ leprosy. 
Under the newer Ridley-Jopling classification 
(77,78), these are considered transformations 
into the various borderline types of leprosy, 
ranging from BT to BL. It is now established 
that initially positive Mistuda reactions often 
become weakened or completely negative 


during these clinical transformations (2, 3 
40, 42); but they occur only when hemato- 
genous dissemination (bacteremia) develops, 
as shown by bacteriologic positivity and wide- 
spread lesions in the patients. Furthermore, 
the lost reactivity often reverts to its former 
positive state when the lesions subside. 
Several instances have also been noted in 
Cebu (42) of lepromin-negative cases of still 
indeterminate leprosy in adults who, on 
subsequently turning tuberculoid, became 
Mitsuda positive. These well substantiated 
changes in reactivity to lepromin do not 
Suggest a genetic component. Instead, the 
anergy in lepromatous leprosy could be partly 
and even largely of secondary nature, indica- 
ting a depression of cellular immunity resulting 
from the, disease itself. The mechanism of 
this secondary depression of cellular immunity 
in lepromatous leprosy has so far remained 
uncharacterized. 


Comment. A_ genetic susceptibility to 
leprosy is suggested by the observations 
reviewed in this section. In sum, however, 
there is yet no firm evidence of such a genetic 
factor, and further studies are needed. 
Priority might be given to the problem of a 
genetic basis for reactivity to lepromin, and 
as to whether the familial aggregation of 
lepromatous vs. tuberculoid leprosy follows 
any definite pattern of Mendelian inheritance, 
such that the spread of the disease may be 
predicted from it. 
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TRANSMISSION OF LEPROSY 


J. COREE. 


AN ERRONEOUS CONCEPT 


An erroneous popular concept of the trans- 
mission of leprosy which has been accepted 
by generations of leprosy workers is the 
hypothesis that the disease is spread by skin 
to skin contact; and that so long as bacilli 
can be found in the skin, even though few in 
number and in non-morphological form, the 
patient is still infectious. This erroneous con- 
cept has been responsible for perpetuating the 
stigma of leprosy and prolonging the mental 
suffering of the one so afflicted, because he is 
denied access to society and employment. 


During recent years 4 discoveries have 
radically altered this age-old concept of the 
transmission of leprosy. 


These are: 


(1) The enumeration of M. leprae on the 
surface of intact skin. 


(2) The enumeration of M. leprae dis- 
charged in the noseblow of a lepro- 
matous patient. 


(3) The viability of the M. leprae (dis- 
charged in the noseblow) outside the 
human body. — 


(4) The rediscovery of the long neglected 
work of Schaffer (1898) on the release 
of M. leprae from the upper respira- 
tory passages. 


1. The enumeration of M. leprae on the sur- 
face of intact skin 


For many years it was believed that leprosy 
bacilli escaped from the surface of the skin in 
““sreat’’, ‘large’, ““enormous’’, “‘innumerable’’ 
numbers (to quote some of the adjectives 
used in the literature). This belief, which was 
purely hypothetical, led to another namely 
that the transmission of leprosy took place 
over a prolonged period by skin to skin con- 
tact. Although this postulate was never 
proved, it was regarded as the main method 
of transmission by generations of leprosy 
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workers. It was not until 1969 that this 
hypothesis was scientifically challenged. 
The author, using a method which he called 
the COMPOSITE SKIN CONTACT SMEAR 
(CSCS) method (1), in which every field 
searched was actually 10 fields, examined one 
million consecutive microscope fields of very 
infiltrated and highly bacilliferous intact 
skin of 28 untreated lepromatous cases (2). 
This search took about 70 hours of microscope 
work—spread over a period of 14 months. 
Only 52 acid fast bacilli were found, whose 
presence was associated with noseblows 
heavily infected with M. leprae, and they 
were found on skin READILY ACCESSIBLE 
TO THE FINGERS, suggesting that in all 
likelihood they were transferred to the skin 
from the nose. It may be said that by the 
CSCS method, a scientific attempt was made 
to collect bacilli from the orifices of count- 
less sweat-gland ducts and hair-follicle open- 
ings. That so few bacilli (whose probable 
origin was the nose) were found in this pro- 
longed search, appears to be clear evidence 
that M. leprae are rarely, if ever, discharged 
on the surface of intact skin by the skin’s 
secretory apparatus. 


2. The enumeration of M. leprae discharged 
in the noseblows. 


In addition to examining the noseblow 
smears of these 28 lepromatous patients 
(most of whom showed smears loaded with 
bacilli and numerous globi), the author 
continued for a period of several years to 
examine the nasal mucus discharge for the 
presence of leprosy bacilli in more than 700 
patients suffering with all types of leprosy 
both in the untreated and treated stages. 
It needs to be emphasised that in this type of 
smear NO ABRASION IS MADE IN THE 
NASAL MUCOSA. The smear is made, 
either from mucus blown out of the nose, or 
mucus gently collected from the surface of 
the mucosa with a platinum loop. In a pre- 
vious paper (3), the findings in 322 of the 
above 700 patients is described. It was read 
in substance at the 10th International Con- 


gress in Bergen in 1973, and was copiously 
illustrated with colour photomicrographs 
showing bacilli escaping from the UN- 
BROKEN nasal mucosa. Briefly the findings 
can be stated as follows: 


First: In the great majority of untreated 
LEPROMATOUS cases, the nasal mucus 
discharge smears are positive for leprosy 
bacilli: often there are enormous numbers of 
bacilli in these smears. 


Second: The morphological index of the 
bacilli in the nasal mucus smears is usually 
much higher than in the skin-slit scrape smears. 


Third: Generally speaking, after 4 to 5 
months standard treatment, morphologically 
normal bacilli are no longer found in nose- 
blow smears: indeed, it may be difficult to 
find any acid-fast organisms. 


Fourth: The nasal mucus discharge smears 
in BORDERLINE leprosy are rarely positive 
for bacilli, even though there are numerous 
reactive lesions on the face and body. 


Quantitative estimates of M. leprae present 
in the noseblows from untreated lepromatous 
patients, have been carried out by Dr. Rees, 
and have revealed enormous numbers of 
M. leprae. 


For example, in a specimen measuring 
approximately 1 ml. of mucus blown out in 
one noseblow, (sent to Dr. Rees by the author) 
he found it contained in the region of 
20 million bacilli. In a 24-hour collection of 
noseblows from a patient with advanced 
lepromatous leprosy, Dr. Rees found 
380 million bacilli, 30 million of which were 
morphologically normal. The author has 
often found patients with NON-APPARENT 
lepromatous leprosy (Fig. 1) discharging 
many bacilli in their noseblows (1). 


3. The viability of M. leprae outside the 
human body. 


How long can the M. leprae from the nose- 
blow remain viable outside the human body? 
Dr. Davey (4), working in Dichpalli in central 
India, sent specimens of highly infected nose- 
blows (packed on ice) from over thirty un- 
treated lepromatous patients to Dr. Rees 
in London. By special arrangement with the 
airways, it was possible for these specimens 
to reach Dr. Rees’ laboratory in 24-30 hours. 
In every case, Dr. Rees obtained multiplica- 
tion of bacilli in the footpads of mice (with 
artificially depressed cell immunity). By this 
method also, Dr. Rees showed that the leprosy 


bacillus could remain viable, at laboratory 
temperatures, for up to 42 hours, after remo- 
ving it from the ice on which it was packed. 
This finding was reported at the Bergen Con- 
ference (1973), and later, that same year, 
Dr. Rees established by viability tests, that 
the bacillus could remain viable outside the 
body even up to seven days. 


4. The rediscovery of Schaffer’s findings on 
the release of M. leprae from the upper 
respiratory passages (5) 


In 1898 at the first International Leprosy 


Congress at Berlin, Schaffer described experi- 
ments in which sets of microscope slides were 
placed at distances up to 50 cm in front of 
2 patients with severe lepromatous leprosy 
during the process of talking, coughing, 
and sneezing. Large numbers of acid-fast 
bacilli were found on the slides. At that time 
it was impossible to identify these as Myco- 
bacterium leprae, and Schaffer’s work suffered 
from the neglect which for so many years 
surrounded nasal infection in leprosy, on the 
grounds that authentic M. leprae could be 
confused with contaminating acid fast bacilli 
at this site. His original paper was written 
in German. In 1973, Dr. Rees arranged 
for its translation into English by Dr. Bodin- 
gius (copies of which are available on applica- 
tion to the Leprosy Study Centre in London), 


- and the relevant sections are as follows: 


“20-30 glass slides, closely adjacent, were 
placed in front of the patient. The patient 
talked for 10 min, reading or counting, after 
which time the slides had on them specks of 
mucus of different sizes. The slides were 
left till dry, fixed over flame, and stained 
by the Ziehl-Neelsen method. For counting 
slides were divided into 8 quadrants, numbers 
of acid-fast bacilli in each quadrant were 
counted using oil immersion lens, and the total 
number of bacilli then calculated. Mistakes 
were avoided by decolourising with acid 
alcohol, bacilli about which there could be 
no doubt showing characteristic cigar shaped 
bundles and the occurrence of conglomerates 
(globi). No bacillary complexes were 
counted, only single organisms. It was 
found that if the patient stood upright, drop- 
lets were projected as far as 30-50 cm onto 
surfaces held in front of the patient. 


Results. One patient released 10,000 to 
25,000 bacilli. The other patient released 
75,000 to 120,000 bacilli and on one occasion 
185,000 bacilli. In both patients investigated 
the secretion from the nose contained very 
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many bacilli. Extremely large numbers of 
bacilli were released in sneezing (patients were 
given sneezing powder) ... in one sneeze a 
patient released 110,000 bacilli. 


Conclusions. Leprosy patients with mucous 
membrane affection of the respiratory tract ... 
release thousands of bacilli during speech, 
coughing and sneezing. Are the released 
bacilli viable? Some authors think they 
are dead. This is still unproved because no 
culture or animal inoculation has been possible 
up till now. We should not worry too 
much because clinical experience has shown 
that the danger of leprosy transmission is in 
fact extremely small. Cases of close con- 
tact for years do not acquire leprosy. Bacilli 
in great masses reach healthy persons without 
leading to disease. We may however not 
conclude that bacilli released by the respira- 
tory tract do not play a role in the transmis- 
sion of leprosy”’. 


It is probable that both Schaffer’s patients 
on whom these experiments were done, 
besides having heavily infected nasal discharge, 
were also suffering from heavy involvement 
of the throat and larynx and possibly of the 
palate also. Such cases of untreated florid 
lepromatous leprosy are not easy to find 
in these days of treatment with DDS. 


TRANSMISSION BY DROPLET INFEC- 
TION 


Schaffer’s findings on sneezing have been 
confirmed by Pedley and Geater (working 
in Bhutan). An untrated lepromatous patient 
whose noseblow smears were heavily infected 
with acid fast bacilli (including many globi), 
was made to sneeze at a barrier of adjacent 
slides set up at 20 cm. from the face. Two 
slides which had on them many specks of 
mucus were selected for examination. A 
total area of 39 square cm. on these two slides 
revealed the presence of 500 droplets of 
sizes varying from 0.2 mm. to 0.7 mm. in 
diameter. In 375 of these droplets (75%), 
acid fast bacilli occuring singly, and in globi 
formation were present (colour plate). Many 
of the bacilli were morphologically normal. 
Similar findings were made in slides set up 
at 30 cm. and 50 cm. from the face during 
sneezing (6). The slides from which the 
photomicrographs were taken are kept in the 
leprosy study Centre in London. 


_ Recently, Rees and McDougall (6), pub- 
lished findings of a study which they under- 
took to determine whether mice were suscep- 
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tible to airborne infection with M. leprae. 
This study consisted in exposing mice (with 
artificially depressed cell immunity) to M. 
leprae in aerosols for periods of 14 to 24 
months. As the mice died or were killed, 
acid fast bacilli (with the characteristics of 
M. leprae) were harvested from one or more 
of the following sites: the ears, footpads, nose, 
bone-marrow (in one mouse at the end of 
24 months), and lung. Evidence showed 
that the infection of these sites had arisen 
from systemic spread of bacilli initially enter- 
ing the lungs. 


TRANSMISSION BY HUMAN MILK 


Pedley (7) has shown that it can be esti- 
mated that an infant‘being breast-fed by a 
mother with advanced, untreated lepromatous 
leprosy would ingest about 2 million bacilli 
in the course of one day. The finding of 
M. leprae in the mammary gland, in its lumina 
and their cell linings, in cases of lepromatous 
leprosy, has been well documented by photo- 
micrography in other papers by Pedley (8, 9, 
10). Perhaps it would be well to mention that 
this finding should not cause (on the child’s 
account) undue alarm because: 


(1) DDS treatment eliminates the bacilli 
from the breast milk in the course 
of a number of weeks, and 


(2) The DDS is secreted in the milk one 
or two hours after it is taken by the 
mother. Thus the child will be getting 
it by mouth prophylactically, and 
should not be removed from the breast. 


TRANSMISSION BY VECTORS* 
Kurian (11) reports that: 


‘“‘Workers in JIPMER have been studying 
the role of insects in the transmission of 
leprosy from 1969. 


Mosquitoes, bedbugs, lice, ticks and itch 
mites were collected from patients (or 
their houses) suffering from lepromatous 
leprosy and injected into the foot-pads of 
mice. Two pools of Culex mosquitoes 
have yielded viable leprosy bacilli. Mos- 
quitoes and bed-bugs reared in the laboratory 
were allowed to bite patients with untreated 


(*The JIPMER, Pondicherry group have, in their 
latest report (Lep. in India, 1977:49:18-186), claimed 
foot pad infection of mice bitten on the pad by 
Aedes aegypti mosquitoes pre-fed on untreated lepr- 
omatous leprosy patients. According to the authors 
M. leprae were probably mechanically transferred 
with the proboscis, and did not invole any biological 
cycle in the arthropad-Editor.) 


PEDLEY — TRANSMISSION OF LEPROSY 


(a) Sneeze at 20 cm. 
ft y " i" ed 
(b) Sneeze at 30 cm. Large globus in droplet. 


(c) Sneeze at 50 cm. 
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lepromatous leprosy. When these insects 

_ were killed and injected into mice, multi- 
plication of leprosy bacilli was demons- 
trated, suggesting that blood sucking insects 
can transmit leprosy. This work requires 
further confirmation’’. 


CONCLUSIONS 


It is a great pity that for more than 70 years 
Schaffer’s work was allowed to sink into 
oblivion. Now that animal innoculation is 
possible and has led to the knowledge that 
M. leprae can remain viable outside the human 
body for days, Schaffer’s postulate that the 
disease could be transmitted by droplet in- 
fection is very significant. Perhaps if more 
heed had been paid to Schaffer’s findings, 
the unproven hypothesis of transmission by 
skin to skin contact would not have met with 
such wide acceptance, which resulted in ano- 
ther fallacy, namely, that the BI of the skin- 
slit scrapes was the index of a patient’s 
infectivity. We now know that this is not 
so, but rather the BI is: 


(1) An index of the activity of the disease 
as reflected in the Morphological Index 
(MI). 


(2) An indication of the speed with which 
the host can eliminate the bacillus 
from the tissues. 


(3) A valuable means of detecting (by the 
MI) the appearance of dapsone- 
insensitive bacilli. 


The only true index of infectivity is the 
presence of morphologically normal bacilli 
im the noseblow. THIS FREES ALL 
BORDERLINE AND TUBERCULOID 
PATIENTS FROM THE STIGMA OF 
INFECTIVITY, AND REDUCES THE 


PERIOD OF INFECTIVITY OF TREATED 
LEPROMATOUS PATIENTS TO A 
MATTER OF MONTHS. 


A POSTULATE 


It can now be postulated, in the light of 
modern knowledge that the most probable 
way by which leprosy is transmitted is by in- 
halation and ingestion. By inhalation, in- 
fected droplets could be carried direct to the 
alveolar spaces of the lung, whence they 
could enter the circulation. 


However, it must not be forgotten that 


‘because the bronchial tree is lined with ciliated 


epithelium as far as the alveoli, and the beat 
of the cilia is UPWARDS, inhaled droplets 
could, by the action of the cilia, be returned 
up the bronchial tree to enter the oesophagus 
and so reach the stomach, which could also 
be a point of entry into the circulation. The 
nasal passages are also, lined with ciliated 
epithelium whose action constantly keeps a 
covering film of mucus moving TOWARDS 
the naso-pharynz. Thus, infected droplets 
inhaled into the nasal passages are likely to be 
moved on, by the action of the cilia, to reach 
the nasopharynx and thence to be, either 
inhaled into the lung, or ingested into the 
stomach. If it is reasonable to believe that 
M. tuberculosis can pass through the mucosa 
of the stomach and so reach the lymph glands 
of the mesentery, it is not unreasonable to 
postulate that M. leprae could gain access 
to the circulation through the mucosa of the 
stomach and end up in nerve tissue and get 
taken up by the Schwann cells. Study of 
nerve tissue in leprosy seems to suggest that 
the leprosy bacillus can shelter in the 
Schwann cells for an indefinite period and 
even multiply in them. This suggests that the 
Schwann cell could, perhaps, play a significant 
role in the incubation period of the disease. 
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INFECTIVITY OF LEPROSY 


S. K. NOORDEEN 


The term ‘infectivity’, in its strictly scientific 
sense, would refer to the occurrence of in- 
fection, with or without manifest disease, 
such infection being capable of identifica- 
tion through laboratory or other tests. 
However in a more restricted and popular 
application the term ‘infectivity’ may just 
confine itself to the occurrence of manifest 
infective disease. This will be particularly 
true in situations where identification of 
infection without manifest disease is rather 
difficult as in the case of leprosy. In this 
presentation whenever we refer to infectivity 
of leprosy it will only be with reference to 
occurrence of manifest disease. 


- Although we do not definitely know the 
exact mechanism of transmission of leprosy, 
we have more than enough evidence that the 
disease is more easily acquired by persons 
who are in close association with leprosy 
patients, particularly with patients who 
harbour large number of organisms. It is 
with reference to this observation that the 
early workers used the term ‘contact’ as a 
method of transmission in leprosy. However 
the definition of ‘contact’ by later workers with 
qualifications such as ‘skin to skin’, ‘intimate’, 
‘prolonged’ etc. made it appear as if the disease 
could be acquired only through such methods, 
and that transmission involved some kind 
of ‘inunction’ of the organisms from the skin 
of affected persons to skin of healthy persons. 
The evidence in favour of transmission of 
leprosy exclusively through ‘inunction’ is 
becoming less and less definite. 


The measurement of infectivity of leprosy 
under varying conditions has been carried 
out by several workers, particularly with re- 
ference to risk of disease for persons exposed 
to leprosy cases within the household. Such 
measurements expressed as ‘attack rates’ for 
contacts indicate that there is a great deal 
of variation, as seen from reports from various 
sources. However it should be understood 


that observed variations in attack rates among 
contacts are as often or more often due to 
methodological differences in the various 
studies as due to epidemiological factors. 
The methodological factors include—(i) fre- 
quency of follow-up observation; (ii) dura- 
tion of follow-up, and (iii) criteria for dia- 
gnosis of early leprosy. The frequency of 
examination of contacts is an important factor 
which influences attack rates. This is mainly 
because of the early lesions showing a high 
tendency for spontaneous healing after 
varying periods of time. When the examina- 
tions are more frequent it is likely that more 
of the early lesions will be picked up which 
otherwise might escape notice due to spon- 
taneous healing that might take place between 
examinations. The attack rates in such stu- 
dies with frequent examinations are likely to 
be much higher as compared with studies 
where examinations are infrequent. Ano- 
ther methodological factor that influences 
attack rates is duration of follow-up. When 
values for attack rates per unit time are cal- 
culated in studies where duration of follow- 
up is long, the relatively higher attack rates 
of earlier periods of exposure get diluted by 
the low attack rates of later periods, whereas 
attack rates are likely to be higher in studies 
where duration of follow-up is short. The 
decline in attack rates in the same cohort 
with passage of time is partly due to the index 
cases becoming less and less infective as time 
passes, and partly due to the possibility of 
the more susceptible contacts developing 
the disease earlier leaving behind the more 
resistent ones. Lastly the critieria for dia- 
gnosis of early lesions and method of examina- 
tions may also influence attack rates. Stu- 
dies which have stringent criteria for diagnosis 
may show lower attack rates than those where 
diagnosis is made on less definite grounds. 
Even where criteria for diagnosis are pre- 
fixed there are likely to be inter-observer 
variations, particularly in relation to early 
lesions among children. 
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The epidemiological factors that influence 
attack rates among contacts are many. They 
include factors related to the contacts as well 
as those related to the index (source) cases 
to which the contacts are exposed. The 
factors relating to the contacts are age, sex, 
prior exposure to other mycobacteria, rela- 
tionship to the index cases, and possibly 
nutritional factors. The factors relating to the 
index cases include number of index cases in 
the household, type of leprosy, bacteriological 
state, treatment state, as well as age and 
sex of the index cases. In addition attack 
rates are also capable of being influenced 
by environmental factors including geographic 
factors. Some of the more important fac- 
tors mentioned above are discussed below. 


Age and Sex 


Although it is well recognized that house- 
hold contacts of leprosy patients run a higher 
risk of getting the disease, the extent of such 
risk under varying conditions is not fully 
understood. In a study at Chengalpattu 
Taluk of Tamilnadu State in the 1960’s it 
was found that household contacts had a 
risk which was 4.8 times that of others who 
were not household contacts. This increased 
risk for contacts was 9.5 times where the index 
case was of lepromatous type and 3.7 times 
where it was non-lepromatous type. In 
other words the risk for contacts of lepro- 
matous cases was 2.6 times that for contacts 
of non-lepromatous cases. These differential 


risks as brought out by the attack rates varied 
with age, as shown in Table-l. 


Table-II shows the relative risks for house- 
hold contacts of the two types as a ratio of 
risk to non-household contacts according to 
the three main age groups. 


TABLE If 


Relative Risk of getting leprosy for 
non-contacts and others by age group 


Non- Non- Lepro- 

house- Lepro- matous 

Age group hold matous contacts 

contacts contacts 

0-14 1 3.8 26.9 
15-44 l 4.0 5.6 
45+ 1 3.6 3.6 
Total all ages 1 3.7 9.5 


It can be seen that the relative risk for 
contacts of Non-lepromatous cases, in rela- 
tion to non-household contacts, is more or 
less constant for all ages, whereas there are 
wide variations in relative risks among the 
three age groups for contacts of lepromatous 
cases. It is also interesting to note that the 
increased risk for contacts of lepromatous 
cases is most pronounced in the age group 
0-14. In the age group 15-44 the increased 
risk for contacts of lepromatous cases is only 
slightly more than that for the contacts of 
non-lepromatous cases. In the age group 


TABLE I 


Attack rates for contacts and others according to age 


Non-household contacts 


Household contacts of 


Household contacts of 


L cases N cases 
Age 
group Number New Attack Number New . Attack Number New Attack 
exposed casesin Rate exposed cases Rate exposed _ cases Rate 
5 years per 1000 inS per 1000 inS per 1000 
per year years per year years per year 
0-14 70346 356 1.01 398 54 27.14 4835 92 3.81 
15-44 82977 864 2.08 426 25 11.74 4652 195 8.38 
45+ 32724 503 3.07 201 11 10.95 1686 92 10.91 
Total 
all ages 186047 1723 1.85 1025 90 17.56 11173 379 6.78 
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45 and over the contacts of lepromatous cases 
seem to run the same risk as contacts of non- 
lepromatous cases. 


TABLE Ill 
Attack Rates for contacts and others of various age groups by sex 
MALE FEMALE 
Contact state and Relative 
age group Number Newcases Attack Number Newcases. Attack Risk for 
exposed in5 years Rate per exposed inS years Rate per Males 
1000 per 1000 per (with 
year year Female 
Rate 
as 1) 
Non-house- 
hold con- 
tacts 0-14 34642 188° 1.09 35704 168 0.94 1.2 
Hs . 15-44 40831 599 2.93 42146 265 1.26 28 
3 ‘ 45+ IPSS 301 3.51 15569 202 2.59 1.4 
2 » allages 92628 1088 2:35 93419 635 1.36 1.7 
Household 
contacts 0-14 3111 114 Te3 3047 82 5.38 1.4 
x - 15-44 POA 195 14.30 3224 117 7.26 2.0 
+ 3 45+ 1045 61 11.67 1121 65 11.60 1.0 
‘9 » all ages 6883 _ 370 10775 7392 260 7.03 1.5 


The increased risk for males is about the 
same whether they are household contacts 
or others. Both among household contacts 
and others the increased risk is more marked 
in the age group 15-44. Among non-house- 
hold contacts, the increased risk for males in 
the age group 0-14 was only slightly more than 
that for females. There was practically no 
sex difference among household contacts in 
the age group 45 and over. 


Relationship of contacts to Index cases 


Even within the household the risk of 
getting leprosy can vary with relationship 


In general, under several situations, the risk 
of getting leprosy for females was less than 
that for males. This is shown in Table-III. 


of the contact to the index cases. The 
control group of contacts in the chemopro- 
phylaxis studies of the Central Leprosy Ins- 
titute carried out in 1970’s in the Sriperum- 
budur Taluk of Tamilnadu State provided 
reliable information on this, as can be seen 
from Table-IV?. 


It can be seen that among various 
relationships, siblings appear to run comp- 
paratively greater risks. The chemoprophy- 
laxis studies at Sriperumbudur Taluk did 
not show as marked a difference in attack 
rates between child contacts of lepromatous 


TABLE IV 
Attack Rates for contacts of L and N cases according to Relationship of contacts to index cases 


Contacts of non-lepromatous 


er 


Contacts of lepromatous 


cases cases 
Relationship of contacts to —- : 

Index cases Person- New Attack Person- New Attack 
years of cases Rate per years of cases Rate per 
observa- 1000 per observa- 1000 per 

tion year tion year 
Child 1252.7 46 36.72 366.1 19 51.90 
Sibling 986.8 49 49.66 93.1 8 85.93 
Other relationships 387.9 14 36.09 GPS 11 49.50 
(Grandchild, cousin etc.) 
Total 2627.4 109 41.49 681.4 38 55.77 
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and non-lepromatous cases, as compared with 
results of earlier routine contact studies at 
Chengalpattu Taluk. This appears to be 
partly due to some unknown geographic or 
environmental difference between the two 
areas, and partly due to different methodo- 
logies for observations, follow-up etc. emp- 
loyed in the two areas. The follow-up etc. 
were much more intensive in the chemo- 
prophylaxis studies of Sriperumbudur Taluk. 


Geographic factors 


Geographic differences in attack rates 
among household contacts of lepromatous 
cases have also been observed between 
areas studied concurrently using similar 
methodology. Table-V shows geographic 
differences in attack rate for household con- 
tacts of lepromatous cases in two parts of 
Sriperumbudur Taluk, as seen from the con- 
trol groups of contacts in a chemoprophy- 
laxis study. 


TABLE V 


Attack Rates for contacts of lepromatous cases 
in two adjacent areas studied concurrently. 


The data indicate that even under 
similar methods of observation two geogra- 
phic areas even closeby can show different 
attack rates under conditions where com- 
parable contacts are exposed to comparable 
index cases for comparable periods. This 
suggests that exposure of contacts to index 
cases in the household is not the sole deciding 
factor in the transmission of leprosy, and that 
other unknown factors may also be equally 
important. 


Bacteriological state of Index cases 


Bacteriological state of index cases of 
lepromatous type is one of the factors con- 
cerning index cases that influence attack 
rates among contacts. This was brought 
out through attack rates observed among 
contacts kept as controls in two different 
studies on chemoprophylaxis carried out by 
the Central Leprosy Institute?*. This is 
shown in Table-VI. 


Number of index cases in the households 


Another factor which influences attack 
rates among contacts is the number of index 


G hi oo N a cases in the households where they live. 
Sides - aa 2 a : ree Pel ——- This was observed in a routine contact survey 
RetOn ° ies EASES Per —_ covering contacts of index cases of all types in 
eas yes Chengalpattu Taluk, as well as among con- 
Rrerthern tacts of non-lepromatous cases kept as con- 
part of trols in a chemoprophylaxis study. This 
Sriperum- is shown in Table-VII, and Table-VIII. 
pec saluk 4u3 us 86.55 The infectivity of leprosy is thus influenced 
Part of by several factors. In addition to the known 
Sriperum- factors discussed above there may be several 
unknown factors that influence infectivity. 
ee taluk ee “ diss For instance we have very little information 
on the role of ‘carriers’ in transmission of 
ales gh 38 ee! leprosy, although there is some evidence 
TABLE VI 


Attack Rates by bacteriological state of Index 
lepromatous cases in two chemoprophylaxis studies 


Chemoprophylaxis Study I 


Initial Bacteriological state 


Chemoprophylaxis Study I 


Person- New Attack Person- New Attack 
years of cases Rate per years of cases Rate per 
observa- 1000 per observa- 1000 per 
tion year tion year 
Negative 393.5 17.79 234.6 8 34.10 
Positive 848.8 41 48.30 446.8 30 67.14 
Total 1242.3 48 38.64 681.4 38 55.77 
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on the occurrence of acid fast organisms on 
the skin of apparently healthy individuals 
in leprosy endemic areas*. So also there is 
no reliable information available on the in- 
fectivity of lepromatous leprosy patients whose 
skin smears show no morphologically intact 
organisms. Lastly the role of possible extra 
human reservoirs of infection also cannot be 


TABLE VII 


Attack Rates among contacts 
of all types by number of index cases 


ignored. Apart from studying infectivity 
through occurrence of new cases, the need 
for a specific and simple test for identifying 
infection in individuals in the absence of 
manifest disease cannot be over-emphasised. 
Until then it is not possible to fill several 
important gaps in the knowledge on epidemio- 
logy of leprosy. 


TABLE VI 


Attack Rates among contacts of non-lepro- 
matous cases by number of index cases 


Number Newcases Attack 
Number of of in 22 Rate per Person- Attack 
index cases contacts months 1000 Number of years of New Rate per 
exposed per year Indexcases  observa- cases 1000 
— tion per year 
One yh 2198 172 ies: 
Two 1665 48 15.7 One or Two =. 2560.8 104 40.61 
Three 22 9 14.9 Three or 
Four or more 83 4 26.3 more 66.7 5 74.96 
Total 14275 233 8.9 Total 2627.4 109 41.49 
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THE USE AND LIMITATIONS OF EPIDEMIOMETRIC 
MODELS IN LEPROSY 


M. F. LECHAT, C. VELLUT, C. B. MISSON 


Epidemiometric models in leprosy have a 
number of applications. They can serve to 
predict and simulate trends in the disease 
under different epidemiological conditions. 
They can be used to experiment with various 
control methods, including hypothetical 
methods not yet developed. The cost and 
effectiveness of possible strategies can also be 
evaluated by introducing economic parame- 
ters into the model. 


The purpose of this paper is to review the 
information so far contributed to leprosy con- 
trol by such models, to discuss further appli- 
cations, and to determine conditions for their 
general applicability. 


The model considered here has been des- 
cribed previously. It was developed using 
the data collected in the Polambakkam, Tamil 
Nadu, control scheme from 1955 to 1970. 


Prediction of epidemiological trends. 


For the last 25 years leprosy control in most 
areas of the world has been based on identi- 
fying as many cases as possible, following 
early detection of cases by mass treatment with 
sulphone drugs. Since the patients, especi- 
ally those with positive bacteriology, are 
considered as the sole reservoir of the disease, 
it is assumed that the blanket treatment of 
patients with bacteriostatic drugs will progres- 
sively reduce transmission. of the disease. 


When sulphone drugs, especially DDS, 
were first introduced for leprosy control, 
much was expected of them. Complete eradi- 
cation of leprosy, that is interruption of 
transmission and no subsequent new cases, 
was even seen as a realisable goal. 
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These high expectations have been followed 
by some disillusionment. Reported results 
vary greatly. While some countries claim a 
remarkable reduction in the number of cases 
detected or total cases treated, others are still 
registering a large number of new patients 
after 20 years of properly conducted leprosy 
control activities. While discrepancies can be 
attributed in part to the different indices used 
to assess the effectiveness of control activities 
(largely a confusion of true incidence with 
case-detection rates) this cannot explain all 
the differences. It should be stressed that 
incidence, i.e. the number of new cases in a 
given period (usually one year) in a given 
population, is the only valid measurement of 
transmission. The detection rate may include 
both new cases and prior cases, only recently 
detected ; thus it merely reflects the intensity 
of case-finding. In this respect, it is as much 
a yardstick of the development of health 
services or the changing extent of concern 
over leprosy as it is a measurement of trans- 
mission. 


No large-scale, controlled studies have been 
conducted on the effectiveness of present 
leprosy strategies, since valid incidence data on 
a closely observed population are difficult to 
secure over long periods. There is therefore 
a lack of base line data which could be extra- 
poled in order to predict future trends. How- 
ever, by defining the infective capacity of each 
class of patient (eight in all) according to type 
of leprosy, detection status, duration of 
therapy, and continuity of treatment, together 
with a given set of latency periods for each of 
the clinical types, the model has made possible 
the study of incidence as a dependant function 
of prevalence over the preceding years. That 
is, given prevalence figures over a number of 
years for each of the eight infective classes, 
incidence can be predicted for all successive 
years (Table 1). 


Table 1. 


ESTIMATES OF INFECTIVE CAPACITY 
IN VARIOUS CLASSES OF PATIENT 
IN THE MODEL. 


Infective 
State I capacity 

d; x 100 
1] L. Untreated 44,63 
12 A L. Treated less than one year 44,71 
12 B L. Treated one yearormore 0,98 
13 L. Treatment interrupted 27,56 
21 T. Untreated 13,38 
22 A YT. Treated less than one year 13,41 
22 B_ T. Treated one yearormore 0,26 
23 T. Treatment interrupted 8,19 


In the epidemiological context of Polam- 
bakkam, the model has shown that, using 
current control methods, it takes 14 years to 
reduce incidence by 50 per cent (Fig. 1). This 
clearly shows that the planning of leprosy 
control should be seen as a long term activity. 
Public health officials, international agencies 
and non-governmental organizations should 
be made aware that present methods of leprosy 
control are effective and that, providing the 
epidemiological conditions remain similar, 
considerable reduction in the leprosy problem 
can be expected. To achieve this long term 
investment, however, continued support and 
sustained effort are required. 


There is, nevertheless, a dark side to the 
predictions made on the basis of the Polam- 
bakkam data. The analysis of bacteriological 
conversion rates according to length of treat- 
ment shows that the probability of a patient 
becoming negative tends to reach an asymp- 
totic limit after 8 years (Fig. 2). This strongly 
suggests that sulphone-resistance is operating. 
If such is the case, incidence predictions 
should be revised upwards. 


It is tempting to use the model to predict 
the effect drug resistance could have on future 
incidence. Simulations are currently being 
carried out to discover the effect that the 
development of secondary resistance accord- 
ing to various lengths of treatment (the 


annual attack rates for resistance, specific to 
length of treatment) would have on long-term 
incidence rates. Although results are not yet 
available preliminary tests suggest that inci- 
dence could be highly sensitive to sulphone- 
resistance. In other words, a small increase 
in the prevalence of secondary resistance 
could have dramatic consequences and possi- 
bly jeopardize the future of leprosy control. 


Simulation of control methods 


The effect of a number of control measures, 
available or still in the developmental stages, 
have been simulated by appropriate modifica- 
tions to the parameters of the model. Inci- 
dence under each method was compared over 
a 20 year period. The following control 
methods were considered : 


— Unmodified leprosy control, as carried 
out at present in the study popu- 
lation, based on early detection and 
regular treatment. 


— Vaccination with a BCG form of type- 
specific vaccine, 100% effective in 
preventing the development of the 
lepromatous type of leprosy and 
converting potential lepromatous 
cases into tuberculoids. 


— Vaccination with a disease-specific vac- 
cine, 100° effective in preventing 
leprosy. 


— Improvement over present conditions 
for ensuring patients’ continuity of 
treatment. 


— Isolation of lepromatous patients for 
one year after detection. 


It appears that, under the conditions of the 
model, the most effective method by far for 
controlling leprosy in the long-term would be 
vaccination with a leprosy specific vaccine, 
should it become available. With such a 
100% effective vaccine, administered to 100 
per cent of the population, incidence would be 
reduced to 0.25 per 10.000 after 10 years 
(Fig. 1). 


The comparison of segregation and specific 
vaccination is particularly striking. Specific 
vaccination of only 20 per cent of the popu- 
lation, plus babies over subsequent years, is 
as effective in controlling the disease, after 
10 years, as the isolation of all new, bacterio- 
logically positive patients for one year after 
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INCIDENCE FIG.1. PREDICTION OF INCIDENCE (TOTAL NEW CASES) FOR THE 
PER 10000 CURRENT METHOB-AND FOUR SIMULATED STRATEGIES 


45 Current method 

Vaccination 100 % BCG type 
Vaccination 100 % specific 
Segregation 100 % 1 year 


Vaccination 20 % specific 
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Fig. 2.- EXPECTANCY OF BACTERIOLOGICAL NEGATIVATION 
IN LEPROMATOUS AND BORDER-LINE CASES, BY 
BENGTH : OF “TREATMENT 
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detection (Fig. 1). In terms of cost, the two 
measures differ by an estimated factor of 2.23. 


Segregation appears far less effective in 
spite of its very high cost. Temporary segre- 
gation of all new, bacteriologically positive 
patients for one year after detection brings a 
74.7 per cent reduction of incidence after 20 
years as compared with 61.7 under present 
measures. 


The BCG type vaccination which was simu- 
lated was assumed capable of inducing a non- 
bacteriologically positive type of leprosy in 
patient who would otherwise have deve- 
loped a bacteriologically positive form of the 
disease (lepromatous or border-line). At one 
time, great hopes rested on such a means of 
prevention, since it is assumed that these 
bacteriologically negative patients play either 
a minimal role or no part at all in transmission 
of the disease. The model has, however, 
shown that the role of such a non-specific 
vaccine in reducing transmission of the disease 
is likely to be negligible (Fig. 1). 


ee 


i 


In order to investigate this rather paradoxi- 
cal result, simulations have been carried out 
in which bacteriologically positive patients 
have been written off altogether. We could, 
for example imagine a situation where strict 
enforcement of segregation is implemented 
from the moment of onset of the disease for 
life, with no possibility whatever of trans- 
mission (these conditions for transmission are 
in fact the same as those for death). In such 
conditions, only slightly or non-infective 
patients could ensure transmission. In the 
model, infective capacity for each class of 
patient has been measured as the number of 
people infected by one patient in one year 
(Table 1). These parameters have been de- 
ducted from data collected in the Polam- 
bakkam area, using a method of least squares 
minimization which has been described else- 
where. Estimates are consistent with the 
observations made by Doull and Guinto in 
the Philippines, who concluded that attack- 
rates were four times higher (6.2 per 1000 
person-years of observation) in lepromatous 
than in non-lepromatous patients (1.6 per 
1000 person-years of observation) as com- 


pared with 0.8 in cases who had no home 
contact. 


However, predictions from the model indi- 
cate that even with no lepromatous cases pre- 
sent, incidence will still reach 4 per 10,000 
after ‘20 years (Fig. 3). This suggests that 


68 


a 


tuberculoid patients, even if they only 
represent a negligible hazard on an individual 
contact basis, could still, as a whole, consti- 
tute a significant reservoir for transmission, 
due solely to their large numbers. This 
observation could be important in countries 
where non-lepromatous patients make up a 
large proportion, up to 95 per cent, of the 
total number of cases. Possibly, the usual 
recommendation, that in cases of budgetary 
limitation treatment is to be preferentially 
reserved for bacteriologically positive cases, 
should be reconsidered in the light of these 
results. 


However, no vaccination is available as yet, 
and segregation can be ruled out as relatively 
inefficient, especially in view of its consider- 
able cost. Thus the most effective method of 
control appears from the model to be 
improved case-holding, in other words, a 
reduction in the rate of patients abandonning 
treatment. This could presumably be 
achieved through appropriate health educa- 
tion and community participation. 


A 50% improvement in case-holding as 
defined in the model, brings a 4% reduction 
in incidence as compared with current mea- 
sures. Ultimately, however, improvement of 
case-holding is only a minimalist’s answer. 
Even if no patients at all are allowed to aban- 
don treatment, a Utopian objective, incidence 
reduction after 20 years will be only 64.9% 
as against 61.7% with the current method. 
Its use should therefore be balanced against 
its cost. 


In terms of research, there is no doubt that 
the development of a specific vaccine consti- 
tutes the highest priority for leprosy research 
today. The model shows clearly that this is 
the only method which could bring incidence 
to zero within one generation. This fact justi- 
fies current efforts to promote and coordinate 
research in to the microbiology and immuno- 
logy of leprosy, especially in connection with 
the WHO Special Programme for Research 
and Training in Tropical Diseases. 


There are other potential simulations which 
could yield important information. One 
which comes immediately to mind is 
simulating the use of combined therapy and 
second line drugs for preventing or circum- 
venting drug resistance. The model could for 
example be used to predict the effect of fast 
acting drugs such as rifampicind on long- 
term incidence. This, however, would require 
estimates of the appropriate rates for relapses 
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following treatment with non-sulphone drugs, 
and these are still not available at present. 
Up to now this lack has prevented the use of 
the model to explore this crucial aspect of 
tomorrow’s leprosy control. 


General applicability of the model 


In its present state, the model can be used 
to predict long term trends for leprosy in the 
study population, and to simulate the effects 
of various control measures. 


To what extent it can be applied to other 
populations is open to discussion. Its general 
applicability depends on whether the esti- 
mated parameters for infective capacity in 
each class of patient and the distribution of 
latency periods are valid for other popula- 
tions. This can only be determined by tests 
in other areas, where various epidemiological 
features on which the current model is presum- 
ably dependent are present. 


These features are : (1) the prevalence of 
leprosy should not be too different from 
prevalence in Polambakkam, that is it should 
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be of the same order of magnitude, since at 
low prevalence levels the chances of contact 
with infective patients are expected to de- 
crease rapidly ; (2) the population should mix 
randomly in such a way that all susceptible 
individuals have a reasonably similar risk of 
exposure to a source of infection, (this implies 
no social or geographical clustering); (3) 
migration rates for latent cases should be 
balanced at the interface between the study 
area and the surrounding area, in such a way 
that the number of patients infected outside 
the area and developing the disease inside it 
should compensate for the number of patients 
infected inside the area and developing the 
disease outside it. 


Such tests would also depend on the avail- 
ability of valid statistical records from which 
to derive the basic epidemiological indices 
and parameters. 


It is hoped that validation of the model in 
suitable areas will help in the design of appro- 
priate strategies for leprosy control and will 
assist in long-term planning. 


GENETICS IN LEPROSY 


BERNARDO BEIGUELMAN 


The hypothesis of hereditary transmission 
of leprosy, supported by eminent authorities 
in the past (Danielssen and Boeck, 1848), 
was rapidly forsaken when Hansen recognized 
Mycobacterium leprae as the pathogenic agent 
of this disease. Nevertheless, at no moment 
it was put into doubt that leprosy manifesta- 
tions, like any other chronic or acute infectious 
disease, depend upon the degree of suscepti- 
bility of Man to the development of its patho- 
genic agent. As a matter of fact, it is a 
principle of general pathology that three 
components should always be taken into 
account when an infectious disease is under 
consideration: the pathogenic agent, the degree 
of host resistance and the environmental 
conditions. 


In the particular case of leprosy it is accepted 
beyond doubt that the degree of tissular 
resistance of Man to the development of M. 
leprae plays a prominent role among the fac- 
tors which interfere in the manifestation of 
this disease. In this context mention should 
be made of the large number of unsuccessful 
trials made in the last century by Danielssen, 
Profeta and Mouritz (cf. Alonso, 1966) to 
provoke leprosy manifestation in experiments 
made in anima nobile, as well as the descrip- 
tions of tuberculoid lesions after accidental 
inoculations of leprosy bacilli, Among 
them, the most known are the papers of Porrit 
and Olsen (1947) and Aguas (1967). The 
former was concerned to two American 
soldiers who exhibited tuberculoid lesions 
in their tatoos made three years before, at the 
same day, by the same professional. The 
latter reported the occurrence of tuberculoid 
leprosy in a pair of twins who received three 
blood transfusions from a lepromatous donor. 


_ Since no phenotypic manifestation can be 
supposed without the commitment of some 
genetic entity, it seems obvious that resis- 


tance or susceptibility to an infection shall 
depend, in a higher or lesser degree, upon 
inherited factors of the host. It is therefore 
surprising that interest on genetic research 
on leprosy has begun only in the last decade, 
twenty years after a period of intensive specu- 
lations on this subject (Rotberg, 1937; Tolen 
tino, 1938; Aycock and McKinley, 1938; 
Aycock, 1940). 


The investigations of evaluating whether 
or not the genetic constitution of Man plays 
an important role in determining resistance or 
susceptibility to leprosy manifestation pursued 
different research lines and will be summarized 
in the present paper. 


1. Studies on familial recurrence of leprosy 


A non-random familial recurrence of a 
communicable disease may not be observed 
in areas where its prevalence values are high. 
In spite of leprosy being always considered as 
a familial disease, no clear demonstrations 
were given until 1968 of its non-random re- 
currence in families living in an endemic area 
where leprosy cases were frequently observed 
(Beiguelman, Dall’Aglio and Da Silva, 1968,). 
Of course, such a demonstration does not 
mean too much for genetic purposes, since 
differential exposure conditions can not be 
ruled out even in this case. Nevertheless, 
though not sufficient, familial association is 
a necessary condition for supposing that some 
important inherited component of the host 
is involved in leprosy manifestations. 


2. Studies on familial association of leprosy 
forms 


Informations on familial association . of 
leprosy forms were drawn from an investiga- 
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tion of concordance of polar types of leprosy 
among sib pairs (Beiguelman, Dall’Aglio and 
Da Silva, 1968). Polar types of leprosy 
were chosen for study because of their stabi- 
lity. The sib method was employed because 
random samples of sib pairs disclose greater 
genetic and environmental similarities, or 
smaller ages differences, than any other pairs 
of consanguineous relatives except twins. 
In this investigation a significant excess of 
sib pairs concordant for the lepromatous and 
the tuberculoid types of leprosy was observed. 


If the epidemiological principle that affected 
individuals derived from the same focus 
are a consequence of infection by the same 
strain of bacilli is accepted as true then these 
data may be considered to indicate that the 
association observed depends upon genetic 
variations of the host rather than of M. leprae. 
This suggestion is favoured by the observa- 
tion that except for one of 111 sib pairs exa- 
mined by Beiguelman, Dall’Aglio and Da 
Silva (1968 ) a common focus to each pair 
was recognized. Moreover, 31.8% of the 
concordant pairs have shown signs of leprosy 
practically at the same time. 


Discordant results published in pertinent 
literature (Horton and Povey, 1966; Rao, 
Karat and Karat, 1969) are not comparable. 
Thus, Horton and Povey (1966), who analysed 
multiple-case families, included borderline 
and indeterminate patients in a single class 
and considered all first-grade relatives for 
comparison. Concerning Rao, Karat and 
Karat’s (1969) paper it should be remembered 
they have emphasized that the concept of 
family they adopted is divorced from genetic 
significance, because they defined family as 
‘“‘a group of individuals partaking food from 
a common kitchen’. 


3. Studies on intrafamilial contagion of leprosy 


A great number of surveys on the contagion 
of spouses of leprosy patients has been pub- 
lished to point out the low contagiousness of 
leprosy, and to use this fact to suggest that 
susceptibility to this disease is under the 
influence of important inherited factors. 
For reference see, for instance, Quagliato 
(1957) and Mohamed-Ali (1965,). 


It seems obvious that a better argument in 
this direction would be provided by the demo- 
nstration that the attack-rate of leprosy is 
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proportional to the coefficient of relationship 
of the contacts to the infectious index-case. 
Since time of cohabitation may be associated 
to the coefficient of relationship, it seems 
also clear that this difficulty should be circum- 
vented by special methodology. Unfor- 
tunately, the papers dealing with this problem 
are concerned to inquiries of samples of 
contacts who became affected, for verifying 
their relationship to presumed foci, and did 
not take into account the leprosy form of 
either the affected contacts or the index- 
cases (Spickett, 1962,; Mohamed-Ali, 1965,). 


We have analysed this question partially 
by studying the intrafamilial contagion rate 
of leprosy (Beiguelman, 1971,). For this 
purpose complete families were investigated 
in which the father, the mother or both parents 
were lepromatous patients, as well as couples 
including a lepromatous partner. In both 
situations the relatives had at least five years 
of cohabitation with the lepromatous focus. 
This restriction was adopted because, accord- 
ing to Quagliato’s data, 95% of the individuals 
who become affected by leprosy when married 
to a lepromatous partner manifest the first 
signs of this disease during the first five years 
of cohabitation. During the first three years 
only = of them show these signs (Quagliato, 
1957). 


Our data on intrafamilial contagion of 
leprosy is summarized in table 1 and makes 
evident that the consanguinous relatives of 
lepromatous cases are proner to exhibit the 
same type of leprosy than non-consanguinous 
relatives (spouses). The same data serves 
to show that in the offspring of couples com- 
posed of one affected partner, the frequency 
of lepromatous individuals is independent 
of the sex of the lepromatous parent. The 
higher frequency of lepromatous cases in the 
offspring of families with both parents lepro- 
matous can not be used as an argument favour- 
ing the importance of inherited factors of 
Man for determining susceptibility to leprosy, 
because we can not exclude the environmental 
influences. Nevertheless, taken as a whole 
the data on table 1 may be considered as 
strongly suggestive of the importance of those 
factors. 


The data on table | is also useful to point 
out the need for distinguishing the clinical 
forms of leprosy in such kind of investigation, 
and to emphasize that failure in discrimina- 
ting leprosy forms may be responsible for 
controversial results. 


TABLE 1 


INTRAFAMILIAL CONTAGION RATE 


CT ee 


Lepromatous Contacts 

Focus Examined Lepro- 
matous 

Son (346) 11.0 

Father (167); Daughter (334) Os 

Both (680) 9:3 

Son (180) 11.1 

Mother ( 92)| Daughter (176) 7.4 

Both (356) 9.3 

Son 2k 

Both parents ( 30)} Daughter ( 55) 20.0 
Both 23.2 

Husband (271)| Wife 2.9 

Wife (159)| Husband (159) 5.7 
Spouse (430) (430) 4.0 


Spouse 


4. Population studies 


Some epidemiological data reveals that the 
lepromatous rates in highly endemic areas 
never surpass 5 to 10 per 1,000, even when 
leprosy prevalence is larger than 20 per 
1,000 (Doull et al., 1942; Fonte, 1967). Other 
data show that the proportion of lepromatous 
cases decreases as the prevalence of leprosy 
increases (Kapoor, 1963; Bechelli, Martinez- 
Dominguez and Patwary, 1966), with lepro- 
matous rate tending to remain apparently 
stable in highly endemic areas. 


While these observations may suggest that 
susceptibility to lepromatous leprosy depends 
upon an important genetic component of Man, 
they indicate that genetic interpretation 
ascribed to racial differences on leprosy 
prevalence (Spickett, 1962 1) isopen to 
criticism. Since leprosy prevalence depends 
on both the existence of open cases and the 
opportunity of exposure to infection by M. 
leprae, even the arguments based on surveys 
in multiracial communities may be questioned. 
Among them, only the climate is a non- 
genetic variable which can be always mini- 
mized. 


The above observations serve also to 
support the hypothesis that the comparisons 
of the distribution of leprosy forms in diffe- 
rent populations may have no meaning for 
drawing genetic conclusions. For instance, 
the statement that European and Mongoloids 


Contagion Rate (%) 


Tuber- 
culoid 


Border- 
line 


Indeter- 
minate 


L2 4.9 0.3 
1.8 3.0 — 
1.4 4.0 0.2 
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are proner to manifest the lepromatous type 
of leprosy than Indians and Africans (Coch- 
rane, 1947) may be a consequence of biased 
information, since small prevalence values 
are associated to large lepromatous prevalence 
figures, and vice-versa. 


Concerning the studies of genetic isolates 
it should be emphasized that they are very 
useful to investigate constitutional diseases. 
Thus, if a rare inborn disease occurs more 
frequently in an isolate than in the general 
population, the hypothesis that it is inherited 
recessively will be favoured, because isolates 
exhibit higher consanguinity rates than non- 
isolated populations. The same statement 
can not be applied to infectious diseases if it 
is not demonstrated that isolated and non- 
isolated groups are under the same environ- 
mental influence or that they are racially and 
socially similar. For example, the com- 
parison of the isolate of German origin living 
in Colonia Tovar, Venezuela (Convit, 
Gonzales and Rassi, 1952) to the native 
populations can not be used to draw genetic 
conclusions. 


Even when it is proved that leprosy pre- 
valence is higher in the consanguinous than in 
the non-consanguinous fraction of an isolate, 
it may be argued that the consanguinity asso- 
ciated to the leprosy fraction of the’ isolate 
may be an effect rather than the cause of the 
disease. At any rate, it seems worthwhile to 
mention that the frequency of consanguinous 
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marriages among parents of lepromatous or 
tuberculoid patients from the State of Sao 
Paulo, Brazil did not differ from that observed 
in the general population (Beiguelman, 1962,). 


5. Twin pair studies 


Twin pair studies can afford a powerful test 
for investigating whether or not a genetic 
component of Man plays an important role 
in determining susceptibility to leprosy. 
However, taking into account that leprosy 
infection may be manifested through diffe- 
rent clinical expressions, it seems obvious 
that in these studies one can not simply 
compare the proportion of concordance for 
leprosy exhibited by monozygotic (MZ) and 
dizygotic (DZ) twin pairs. Further criteria 
should be considered in sampling twin pairs 
for this type of investigation to avoid biased 
and/or inconclusive results. 


The first criterion that should be taken into 
consideration is that both MZ and DZ pairs 
should have had the same opportunity of 
exposition to M. leprae. To follow this 
criterion it seems that the best way is to ascer- 
tain twins starting from leprosy cases who 
offer or offered a high contagion risk. 


Since leprosy is more frequent among males, 
at least in age-groups over 14 years (Doull 
et al., 1942; Bechelli et al., 1966, 1970; 
Beiguelman, Da Silva and Dall’Aglio, 1968) 
the second criterion that should be followed 
is to compare male and female MZ and DZ 
pairs separately and to disregard unlike-sex 
DZ twins. 


A third criterion of utmost importance is 
concerned to the need of collecting twin 
pairs composed strictly by informative cases 
with respect to concordance or discordance 
for leprosy manifestations. Pairs including 
at least an indeterminate or borderline case 
can not be considered as informative for this 
purpose, because the concordance or dis- 
cordance observed among them may be spuri- 
ous, as a consequence of the instability of the 
indeterminate and borderline groups. More- 
over, the indeterminate cases present usually 
a low bacilloscopic index and offer a low 
contagion risk. 


Pairs composed of tuberculoid twins should 
also not be included because of either their 
low bacilloscopic index or the bias they may 
provoke. Thus, since lesions of tuberculoid 
leprosy may be missed, sporadic cases are less 
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frequently detected than those occurring in 
families that include more than one leprous 
individual. Therefore, due to sampling condi- 
tions, an excess of these concordant pairs 
either among MZ or DZ twins may distort 
the conclusions in any direction. Further- 
more, this distortion would be impossible to 
be evaluated. Even the tuberculoid-in-re 
action twins can not be considered as index- 
cases, in spite of the high bacteriologic index 
they may have. According to Bechelli and 
Guinto (1970), some of these patients may 
become bacteriologically negative without 
treatment. 


At this point it seems clear that for this type 
of study the twin pairs should be ascertained 
starting from lepromatous cases who have a 
like-sex co-twin affected with the lepromatous 
or tuberculoid type of leprosy. Healthy 
co-twins of lepromatous patients may also be 
considered as informative when cohabiting 
with them for more than five years after the 
beginning of the disease in the latter. The 
inclusion of these pairs should also depend 
on the degree of severity of the disease pre- 
sented by the affected co-twin and the regu- 
larity of the treatment. Either the severity 
of lepromatous leprosy or the regularity of 
treatment may be classified as recommended 
by Quagliato, Bechelli and Marques (1970) 
and the determination of zygosity may be 
made according to our recommendations 
(Beiguelman, 1971). A standard card for 
collecting data on twin pairs for leprosy 
studies has been proposed elsewhere (Beiguel- 
man, 1974). 


It seems obvious that detailed clinical 
examination, as well as bacilloscopic, immu- 
nological (Mitsuda reaction, at least) and 
histopathological data are of crucial impor- 
tance in this type of study. Among other 
objectives, such documentation can help, 
in some cases, to decide whether a twin pair 
apparently discordant for leprosy manifesta- 
tion includes, indeed, a tuberculoid co-twin, 
or it should be discarded from the sample 
because the latter belongs to the indeterminate 


group. 


Unfortunately, twin pair studies for investi- 
gating how important is genetic variability of 
Man in determining susceptibility to leprosy 
are scarce and have not taken into considera- 
tion all the criteria mentioned above 
(Spickett, 1962,; Mohamed-Ali, 1965,; Moha- 
med-Ali and Ramanujam, 1966; Chakravartti 
and Vogel, 1973). A re-evaluation of the 
laborious’ studies .of Mohamed-Ali and 


Ramanujam (1966) and Chakravartti and 
Vogel (1973) would be, therefore, highly 
considered. 


At any rate, the results published on this 
subject are not in oposition to the hypothesis 
of the existence of an important genetic 
component of Man responsible for leprosy 
manifestations. 


6. Family and twin pair studies on Mitsuda 
reaction 


Taking into account the indisputable im- 
portance of the late lepromin reaction (Mit- 
suda reaction) for prognostic purposes, it was 
also used as an approach to genetic studies 
on leprosy. 


The Mitsuda reaction has proved to be a 
familial trait either in samples free of leprosy 
(Beiguelman, 1962,, 1971,; Beiguelman and 
Quagliato, 1965) or in a sample including fami- 
lies with at least a parent affected with a 
polar type of this disease (Beiguelman, 1965). 
From these studies it may be concluded that 
the Mitsuda reaction in the offspring genera- 
tion is associated to that presented by the 
parental generation. Nevertheless, the mono- 
genic interpretation offered in one of these 
papers (Beiguelman, 1965) shall be considered 
with caution, because of the postulates and the 
secondary hypothesis involved (Beiguelman, 
1967). 


A quantitative analysis of the Mitsuda 
reaction was made in a random sample of 
healthy twin pairs, non-contacts of leprosy 
cases, who were collected in elementary schools 
of Campinas, SP, Brazil (Beiguelman, 1971,). 
Since the intraclass correlation coefficients 
presented by MZ and DZ pairs have not 
differed significantly, this result could, per- 
haps, be accepted as favouring the hypothesis 
that the Mitsuda reaction depends mainly 
upon environmental factors. 


Nevertheless, if some other facts reviewed 
elsewhere (Beiguelman, 1971,, 1972) concerned 
to Mitsuda reaction among leprous and 
healthy individuals are taken into considera- 
tion, another alternative hypothesis can not 
be ruled out. This hypothesis states that 
Mitsuda reaction might be an inherited trait, 
but that its expression among. genetically 
lepromin positive individuals would depend 
mainly upon environmental agents. 


For a better understanding of this hypo- 
thesis let us consider that a positive Mitsuda 
reaction depends upon both the ability of the 
macrophages to destroy phagocytized leprosy 


bacilli and the influence of sensitizing agents, 
represented by specific (M. /eprae), paraspecific 
(other mycobacteria) and broad-specific stimuli 
(non-mycobacterial intracellular parasites). 
Let us also admit that only a small fraction of 
healthy populations has macrophages perman- 
ently and genetically unable to lyse phagocytiz- 
ed M. leprae. If this trait would be rare, then, 
the healthy twins randomly collected would be 
composed mostly by concordant pairs for this 
lysing ability of the macrophages, irres- 
spectively of being MZ or DZ. Otherwise 
stated, most of the pairs would be composed 
of individuals genetically endowed to exhibit 
positive Mitsuda reaction, which would be 
clinically expressed or not on the dependance 
of environmental influences. Thus, in spite 
of Mitsuda reaction being an inherited trait, 
twin pairs randomly collected among healthy 
individuals could not disclose a higher intra- 
class correlation among MZ than among DZ 
pairs. 


Light on this subject might be thrown 
by studies on the lepromin reaction clinically 
and histologically analysed in a sample of 
like-sex twins ascertained by starting from 
lepromatous index-cases. In such _ series 
the source of errors would'be strongly reduced 
because all the pairs would include a co-twin 
exhibiting an undoubtedly negative Mitsuda 
reaction (index-case) and a co-twin (affected or 
healthy) intensively submitted to specific 
sensitizing stimuli. The twin pairs collected 
by Chakravartti and Vogel (1973) offer an ex- 
cellent opportunity to this investigation. 


7. Reaction of blood macrophages to killed 
leprosy bacilli 


Thirty years after Benewolenskaja (1932) 
reported the in vitro phagocytosis of leprosy 
bacilli by blood macrophages, the -studies 
on this subject were retaken with the purpose 
of obtaining a better clue to investigate both 
the mechanism of the Mitsuda reaction and 
the participation of hereditary factors on resis- 
tance to leprosy (Treo and Silva, 1963; 
Beiguelman and Barbieri, 1965; Barbieri and 
Correa, 1967; Beiguelman, 1968, 1971., 1972; 
Godal and Rees, 1970; Pisani, Beiguelman and 
Opromolla, 1973). . 


Some of the techniques used to analyse 
the in vitro reaction of blood macrophages 
against killed leprosy bacilli gave hopeful 
results concerning the study of macrophage 
function of leprosy patients (Beiguelman, 
1972; Pisani, Beiguelman and Opromolla, 
1973). However, the alleged correspondance 
between the Mitsuda reaction and this in 
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vitro test among healthy individuals could 
not be confirmed by Pisani, Beiguelman and 
Opromolla (1973), who showed that this 
test is not suitable for genetic investigation. 
As a matter of fact, the blood derived macro- 
phages of healthy individuals exhibit either 
an incapacity or a low rate of in vitro phago- 
cytosis and lysis of M. leprae, irrespective 
of these persons being contacts or not of 
leprosy patients or of the intensity of their 
Mitsuda reaction. 


8. Pedigree studies 


The fact that leprosy tends to cluster in 
families has stimulated some authors to apply 
formal genetics methods to genealogical data 
(Spickett, 1962,; Prasad and Mohamed-Ali, 
1966,). However, pedigree analysis, which 
provide good results for rare constitutional 
diseases and not as good results for degenera- 
- tive diseases, are not suitable for infectious 
diseases. As a matter of fact, the reliability 
of this method depends upon the high degree 
of minimization that can be attributed to the 
environmental influences on the trait under 
study. 


In the particular case of leprosy it should 
be remembered that: 


1, Affected individuals can not be consi- 
dered as belonging to a single clinical 
entity, since leprosy is not a mono- 
morphic disease. 


2. Families with lepromatous or border- 
line patients are not comparable to 
those in which the leprosy cases are 
represented by tuberculoid or indeter- 
minate individuals. The intrafamilial 
contagion-risk to which they are sub- 
mitted is obviously strictly different. 


3. Some factors which promote differential 
exposure to leprosy infection can not 
be ignored. Among them it seems 
important to consider the influence of 
extrafamilial foci living or not in the 
same household; period of cohabitation 
or frequency of exposure of the 
contact(s) and the focus(i); ratio be- 
tween the number of foci and the 
number of contacts; age and sex of 
focus(i) and contact(s); clinical condi- 
tion, period and regularity of treatment, 
rate of decrease of the bacteriological 
index, as well as existence of sporadic 
or recurrent reaction episodes of the 
focus; living conditions and size of the 
house; nutritional status and_ social, 
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cultural, professional and _ religious 


habit of the individuals. 


9. Dermatoglyphic studies 


Dermatoglyphic studies on leprosy patients 
made with the aim of determining whether 
the dermal patterns of the palm and fingers 
might reveal some association with this dis- 
ease (Enna, Elliott and Stockwell, 1970) 
are of doubtful validity. In fact, the use of 
dermatoglyphic analysis for diagnostic ob- 
jectives show limitations even for congenital 
abnormalities due to chromosomal aberra- 
tions which, as it is well known, are usually 
associated to uncommon dermatoglyphic pat- 
terns. 


We think that, for practical purposes, 
dermatoglyphic studies on leprosy should be 
directed first to the causes of the changes or 
destruction of dermopapillar patterns observed 
in different leprosy forms (Ribeiro, 1934, 
1935), rather than to the search for ques- 
tionable associations between leprosy and 
dermatoglyphics. 


10. Studies on genetic polymorphisms and 
leprosy 


Several genetic systems have been analysed 
in samples of leprosy patients of different 
populations with the hope of finding associa- 
tions between this disease and some genetic 
polymorphisms. This search for possible 
pleiotropic effect of some common genes on 
the susceptibility to leprosy included the 
following genetic markers: 


1. Taste sensitivity to phenylthiourea 
(Beiguelman, 1962,, 1964,,,; Beiguelman 
and Marques, 1964). 


2. ABO blood groups (Beiguelman, 1963, 
1964,; Hsuen, Thomas and Jesudian, 
1963; Yankah, 1965; Verma and 
Dongre, 1965; Povey and Horton, 1966; 
Sehgal, Mathur and Rao, 1966; Prasad 
and Mohamed-Ali, 1966,; Gupta and 
Gupta, 1966; Vogel and Chakravartti, 
1966; Salzano, 1967; Salzano, Suné and 
Ferlauto, 1967; Singh and Ojha, 1967; 
Saengudom and Flatz, 1967; Lechat 
et al., 1967, 1968,; Vogel, 1968; Vogel 
etal., 1969, 1971, among others). 


3. Secretion of ABH substances in the 
saliva (Sehgal and Dube, 1967). 


4. Rh blood groups (Beiguelman, 1963; 
Yankah, 1965; Salzano, Suné and 
Ferlauto, 1967; Lechat et al., 1968,). 


5. Kell blood groups (Lechat et al., 1968,). 
6. Kidd blood groups (Lechat et al., 1968,). 


7. Duffy blood groups (Lechat ef al., 
1968,). 


8. P blood groups (Lechat et al., 1968,). 


9. Group specific component (Salzano and 
Hirschfeld, 1965; Lechat et al., 1968,). 


10. Haptoglobins (Povey and _ Horton, 
1966; Schwantes et al., 1967; Lechat 
et al., 1968,). 


11. Transferrins (Povey and Horton, 1966; 
Lechat et al., 1968,). 


12. Beta-lipoprotein Ag* (Lechat eft al., 
1968,). 


13. Inv groups (Vogel et al., 1971). 


14. Glucose-6-phosphate dehydrogenase 
deficiency (Pettit and Chin, 1964; 
Beiguelman, Pinto Jr., Dall’ Aglio, Da 
Silva and Vozza, 1966, 1968; Lechat 
et al., 1968,). 


15. S Hemoglobin (Cézar et al., 1971). 


16. Beta-thalassaemia (Ramalho, Pinto Jr. 
and Magna, 1971). 


17. HL-A antigens (Thorsby et al., 1973; 
Dasgupta et al., 1975). 


Most of these investigations have been 
critically analyzed elsewhere (Beiguelman, 
1967, 1972; Salzano, 1967; Vogel, 1968). 
They resulted negative or controversial, due 
probably to the fact that almost all genetic 
polymorphisms studied in relation to leprosy 
were chosen by hazard. Therefore, such 
studies are relevant for geneticists interested 
in verifying whether or not leprosy is one of 
the several forces that are maintaining the 
analysed polymorphic systems. However, 
in our opinion, they should not be encouraged 
among leprologists, because of not being 
considered as prioritary from the practical 
point of view. 


At the present status of knowledge we think 
that the only polymorphic systems that may, 
perhaps, deserve the attention of these pro- 
fessionals are glucose-6-phosphate dehydro- 
genase (G-6PD), dapsone acetylator pheno- 
type and NADH reductase. Nevertheless, 
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such polymorphisms shall not be investigated 
with the aim of finding associations between 
them and leprosy, but with the main purpose 
of verifying the pharmacogenetic response to 
dapsone of G-6PD deficients, slow and rapid 
acetylators and heterozygous NADH reduc- 
tase deficients. (For a review on these subjects 
see Beiguelman, 1976). 


11. Chromosomal aberrations and leprosy 


Beiguelman, Pisani and El-Guindy (1975) 
observed that dapsone is able to increase 
in vitro the frequency of aneuploidies (nu- 
merical chromosomal aberrations) and achro- 
matic gaps (structural chromosomal aberra- 
tions), when added to leukocyte cultures of 
healthy individuals in a concentration of 
4 ug/ml. This observation stimulated the 
investigation of the frequency of chromosomal 
aberrations in cultures of leukocytes of leprosy 
patients under dapsone therapy (Beiguelman 
and Pisani, 1976). 


The chromosome analyses made on 
leukocyte metaphases of leprosy patients who 
were ingesting daily doses of 50 mg to 100 mg 
of dapsone has not shown any significant in- 
crease in aneuploil frequency. However, 
concerning the structural aberrations it was 
seen that leprosy patients presented a signi- 
ficant excess of cells with chromatid or 
chromosome breaks and gaps. At any rate, 
this excess could not be attributed to dapsone 
therapy because it was shown that the struc- 
tural aberrations of chromosomes where not 
correlated to age, years of sulfone therapy or 
to concentration of dapsone in blood. 


Though the higher frequency of such 
abnormalities may be supposed to be a conse- 
quence of leprosy itself, we can not exclude 
the possibility that conditions closely related 
to this disease are responsible for the increase 
of the observed structural aberrations. More- 
over, it is too early to advance speculations 
on the meaning of this excess from the indivi- 
dual viewpoint, since we do not know whether 
most of the chromosomal and chromatid 
lesions observed are naturally repaired or not. 


However, with respect to the genetic im- 
plications of these aberrations something may 
be advanced, in spite of not knowing whether 
the chromosomes of the germinative cells are 
affected or not in the same intensity as those 
of the leukocytes. Thus, if structural chromo- 
somal abnormalities increased in the sperms 
and eggs of leprosy patients, a high propor- 
tion of spontaneous abortions would be 
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expected among couples including al least one 
leprous individual, since most of the zygotes 
with these abnormalities are unable to develop 
viable embryos. Nevertheless, it was pointed 
out previously that the frequency of spontan- 
eous abortions among couples composed by 
lepromatous women married to healthy or 
lepromatous men was similar to that found in 
couples of the general population(Beiguelman, 
Marchi, Hama, Amin, Godoi and Baptista, 
1965). 


12. Conclusions 


The literature on human genetics is shy 
of a methodology for investigating the genetic 


involvement of Man in the manifestation of 
infectious diseases. This is, obviously, the 
main reason why the foregoing sections have 
shown that research on genetics in leprosy has 
shed less light on this matter than it was 
desired, in spite of the great efforts devoted 
by several investigators. 


Nevertheless, it is hoped that the experience 
accumulated by geneticists dedicated to 
leprosy since the last decade will help them 
to re-examine critically former investigations, 
and to outline other areas for further research, 
in the light of the recent and impressive ad- 
vances in immunology and microbiology of 
leprosy. 
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GENETICS IN LEPROSY 


DAVID GLENN SMITH, BARUCH S. BLUMBERG, RICARDO S. GUINTO 
AND FRED S. WITTENSTEIN 


The search for genetic influences in leprosy 
predates the identification of Mycobacterium 
leprae (M. leprae) by Hansen (1875). Early 
theories of genetic involvement were based 
on the observation that the disease clustered in 
certain families (Danielssen and Boeck, 1848 ; 
Simpson, 1841). These theories were largely 
abandoned after Hansen’s discovery. When 
it was recognized that etiologies involving 
pathogenic infections and genetic mechanisms 
were not mutually exclusive, interest in here- 
ditary factors in susceptibility or resistance to 
leprosy was revived (see, for example, Aycock, 
1940 ; 1941 ; 1948 ; Rotberg, 1957 ; Steini- 
ger, 1941). Nevertheless, there have been few 
formal genetic studies of leprosy and genetic 
research in general has yielded contradictory 
results. We shall attempt to synthesize these 
results and include data from our own investi- 
gations. From this, inferences on the role of 
genetics in susceptibility to leprosy will be 
made. 


EVIDENCE FOR GENETIC INFLUENCES 


Epidemiologic research has provided some 
evidence for genetic influences upon suscepti- 
bility to leprosy. The following observations 
have consistently been made : 


(1) While prolonged and intimate contact 
with lepromatous leprosy victims fails 
in most cases to result in transmission 
of infection, only casual contact often 
appears sufficient for transmission. 
Exposure alone, then, is insufficient to 
explain risk of infection. Indeed, it is 
extremely rare for all siblings of a sib- 
ship exposed to infection to develop 
leprosy (Spickett, 1962a). 


(2) Risk of infection of contacts by open 
cases is related to their degree of kin- 
ship. The incidence of leprosy among 
sibs is higher when at least one parent 
has leprosy. Further, high inicidences 
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of leprosy have been observed in some 
small highly inbred populations. 


(3) Conjugal transmission of leprosy is 
rare (Mohamed Ali, 1965). Were non- 
genetic factors most important in 
transmission, spouses, who share simi- 
lar environments, might be expected to 
infect each other more frequently. 


(4) Different culturally assimilated racial 
or ethnic groups living in the same 
area maintain patterns of infection 
similar to those in their respective 
homelands (Spickett, 1962b). 


(5) Risk of infection is not clearly related 
to age of exposure, family size, birth 
order, rural vs urban residence, diet, 
hygiene, climate, socio-economic fac- 
tors or any other yet detectable 
environmental influences (Mohamed 
Ali, 1963 ; 1964 ; 1966 ; Badger, 1959 ; 
Doull, 1962). 


The following evidence is also consistent 
with the operation of a genetic influence upon 
the clinical form which leprosy assumes : 


(1) The immune response of lepromatous 
leprosy patients to M. leprae is defec- 
tive, but is normal in patients with the 
tuberculoid form. One of these polar 
forms will not, in general, ever change 
to the other polar form. 


(2) The proportions of leprosy cases which 
are of each polar form seem intrinsic 
to a population. Environmental 
changes are usually unable to alter 
these proportions in areas where the 
disease has long been endemic (Spick- 
kett, 1962b). 


(3) Related contacts of lepromatous cases 
more often develop lepromatous as 
opposed to non-lepromatous leprosy 
than do unrelated contacts of lepro- 
matous cases. 


Genetic variability of M. leprae itself could 
contribute to the risk of infection or to deter- 
mining the clinical form which develops. Its 
role, however, is considered to be relatively 
minor (Speckett, 1964). Multiple cases of 
infection within a family are usually assumed 
to originate from the same bacillary strain. 
The frequent occurrence of both polar forms 
within the same family, then, implies that the 
clinical form of the disease that develops is 
principally host rather than parasite-deter- 
mined. Further, the hereditary characteristics 
of M. leprae which have been identified are 
not associated with the clinical course of 
leprosy in humans (Shepard and McRae, 
1971). Nor does such phenotypic variability 
in M. leprae exhibit the geographical hetero- 
geneity necessary to explain the geographic 
variations in patterns of infection which have 
been observed. Our review and analysis of 
new data will therefore be based on the 
assumption that the outcome of exposure to 
infection with M. leprae is entirely host-deter- 
mined. 


GENETIC APPROACHES TO THE 
STUDY OF LEPROSY 


Three approaches have been taken in gene- 
tic studies of leprosy : 


(1) The analysis of family data to. select 
among alternative genetic hypotheses. 


(2) Associations between phenotypic 
variants of polymorphic marker loci 
and leprosy. 


(3) The comparison of concordance in the 
occurrence and form of leprosy in 
monozygous and dizygous _ twins. 
Each approach is reviewed separately 
in the following section. 


Family Studies 


Spickett (1962a) proposed an irregular do- 
minant mode of transmission of susceptibility 
to leprosy. However, the pedigree data upon 
which this conclusion was drawn, said to 
include virtually all cases of leprosy in the 
study population, does not exclude an auto- 
somal recessive mode of transmission. Fur- 
ther, his estimation of penetrance in the 
heterozygote by excluding the propositi was 
probably inappropriate since propositi do not 
introduce a bias when all cases of leprosy in a 
population have been ascertained. Prasad 
and Mohamed Ali (1966) have analyzed 
pedigree data which they conclude confirm the 


irregular dominant hypothesis. Their analy- 
sis employed estimates of expected pheno- 
typic distributions in offspring which were 
made from expected frequencies of parental 
genotypic matings. These expected mating 
frequencies were calculated by assuming a 
frequency of 0.50 for the hypothesized suscep- 
tibility gene. No justification for this assump- 
tion was given, however. Given the relatively 
low prevalence of leprosy in all populations, a 
gene frequency of 0.50 would seem unrealis- 
tically high. 


Beiguelman (1965) proposed an autosomal 
recessive hypothesis for transmission of sus- 
ceptibility to lepromatous leprosy. He 
hypothesized that the failure to respond to the 
late lepromin (Mitsuda) test indicates a gene- 
tically determined inability to lyse (hence, the 
susceptibility to infection with) M. leprae. 
His analysis of segregation of the Mitsuda 
reaction, presented as evidence supporting 
this hypothesis, employed an estimate of the 
frequency of the hypothetical gene responsible 
for Mitsuda negative reactions. This estimate 
was the square root of the frequency of Mit- 
suda negative reactions and/or lepromatous 
leprosy in spouses of clinically ascertained 
leprous probands. The probability of ascer- 
taining families in which both marriage part- 
ners have lepromatous leprosy (hence negative 
Mitsuda reactions) is greater than that of 
ascertaining families in which only a single 
partner has lepromatous leprosy (i.e., the 
proband). Thus, his gene frequency estimate 
is biased and probably inflated. As Mitsuda 
positive reactions are not always associated 
with resistance to leprosy (Guinto and Bin- 
ford, 1965), the response is too complicated to 
equate with a given genotype (Beiguelman, 
1967). It is now known that other bacterial 
antigens closely related to M. laprae are also 
able to inhibit the Mitsuda reaction (Kwa- 
pinski et al., 1975). Thus, Beiguelman’s 
(1968 a ; b) argument that Mitsuda negativity 
indicates susceptibility of healthy individuals 
to M. leprae is not always valid. Finally, a 
significant difference between concordance of 
Mitsuda reactions in 38 monozygous and 89 
dizygous twin pairs studies by Beiguelman 
(1971) was not found. Such a difference 
would be expected were the reactions signi- 
ficantly under genetic control. 


The foregoing tests of simple genetic hypo- 
theses were designed to compare the distri- 
bution of a trait (phenotype) within sibships 
with specific models for the segregation of 
genes presumed to determine this trait. The 
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binomial techniques employed by classical 
segregation analysis provide useful omnibus 
tests for rejecting simple genetic hypotheses. 
Such techniques, however, have little power to 
discriminate between patterns of allelic segre- 
gation expected under a genetic hypothesis 
and alternative causes of the distribution of a 
disease in sibships (Lilienfeld, 1959). As 
additional parameters, such as irregular domi- 
nance in heterozygote genotypes or variable 
penetrance, are added to modify genetic 
models they can become even more difficult 
to reject. The good fit of a set of data to 
genetic models, then, should be regarded as 
necessary but insufficient evidence on which 
to accept a genetic hypothesis. 


MACTAN ISLAND, PHILIPPINES 


In a study in endemic areas of India about 
30 percent of the healthy individuals tested 
who were unaware of any contact with a case 
of leprosy exhibited cell mediated immunity to 
M. leprae (Godal, 1975). This immunity, 
indicated by lymphocyte transformation and 
leucocyte migration tests, suggests that there 
had been a previous or present subclinical 
infection with M. leprae. This implies that 
exposure sufficient to elicit a host response is 
extensive in endemic areas and is perhaps uni- 
versal where most members of the population 
are in contact with a leprosy case. Given time 
for sufficient contact with, and incubation of, 
the parasite to occur, all individuals with the 
hypothesized susceptibility genotype should 
develop leprosy in such populations. Such a 
population, were it completely ascertained, 
would provide the ideal conditions for omni- 
bus tests of genetic hypotheses. 


We have analyzed data from a population, 
the municipality of Cordova on Mactan 
Island, near Cebu City, Philippines, which 
may fulfill these conditions. Over 99 percent 
of the population were examined. The 
methods of data collection, diagnosis and the 
epidemiology of leprosy in this population 
have been described extensively elsewhere 
(Doull, 1939; 1948; doull et al., 1945; 
Guinto et al., 1951; Rodriquez, 1975). 
Table 1 shows the proportion of sibships with 
leprosy-free parents exposed, since birth, to at 
least one close relative who had leprosy 
(Smith et al., 1977a). A close relative is here 
defined by a kinship coefficient of at least one- 
sixteenth. The sibships are subdivided into 
groups based on the date of marriage of their 
parents. Over 75 percent of those whose 
parents married after 1933, representing over 
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three-quarters of all sibships studied, were so 
exposed. We can, then, assume that the 
probability of infection, given adequate time 
for exposure (i.e., age), is extremely high, and 
that most susceptible individuals develop 
leprosy after adequate time for incubation of 
the bacillus. 


Table 2 shows the prevalence of lepro- 
matous and non-lepromatous leprosy in off- 
spring of matings of different types. Marked 
familial clustering of lepromatous, but not 
non-lepromatous, leprosy was _ observed. 
Lepromatous leprosy was about three times 
as prevalent when one parent had lepro- 
matous leprosy than when neither parent had 
lepromatous (x?=36.6, p<0.0001) or any 
form of leprosy (x?=35.9, p<0.0001). For 
non-lepromatous leprosy, these differences 
were not seen. 


The onset of leprosy, however, is a function 
of opportunity for contact with and incubation 
of M. leprae both of which are age-dependent. 
This opportunity, in a completely exposed 
population, can be regarded as the probability 
that an individual with the hypothesized sus- 
ceptibility genotype has already developed 
leprosy. This probability may be interpreted 
as the penetrance, say k,, of the genotype at 
exact age x. Table 3 presents the distribution 
of ages of onset, by five-year cohorts, of all 
males and females on Mactan Island who had 
developed lepromatous and all forms of 
leprosy by 1966. The values in the Y columns 
are the cummulative frequencies of all those 
with the disease at each age-of-onset group. 
They may be interpreted to mean, for example, 
that 74.6 percent of all females who ever 
develop lepromatous leprosy, do so before 
age 20. We have estimated the value of k, 
(defined above) for each single year of age by 
regressing the Y values upon the mid-points 
of the age-of-onset classes. The k, value, 
then, is an estimate of the probability that an 
individual of exact age x at his most recent 
exam who has the susceptible genotype will 
have leprosy. A second order, rather than a 
linear, regression was employed to account 
for the more rapid increase in Y for earlier 
than for later age-of-onset classes. 


The accuracy of the k, estimates was tested 
by comparing the distribution of age-of-onset 
in this cross-sectional sample of the popula- 
tion with that of all individuals born prior to 
1897 who ever developed leprosy during their 
lifetime. While k, appeared to slightly over- 
estimate penetrance for younger age groups, 


in no case did the differences approach statis- 
tical significance. These penetrance values 
were then incorporated into segregation 
models appropriate for testing several simple 
genetic hypotheses for susceptibility to lepro- 
matous and all forms of leprosy. The follow- 
ing genetic hypotheses were tested by our data 
which include 255 segregatable matings (i.e., 
those yielding at least one offspring with 
leprosy) : 


(1) Susceptibility to lepromatous leprosy 
is transmitted as a recessive autosomal 
trait. 


(2) Susceptibility to all forms of leprosy is 
transmitted as a recessive autosomal 
trait. 


(3) Susceptibility to developing lepro- 
matous leprosy, rather than non- 
lepromatous forms of leprosy, when 
infection does occur, is transmitted as 
an autosomal recessive trait. 


(4) Susceptibility to developing lepro- 
matous leprosy, rather than non- 
lepromatous forms of leprosy, when 
infection does occur, is transmitted as 
an autosomal dominant trait. 


The last two of these hypotheses provide 
tests for fit of our data to simple genetic hypo- 
theses for the regulation of the form of 
leprosy which develops in all sibs known to 
have been infected (i.e., who developed some 
form of leprosy). For these two analyses the 
size of a sibship was taken to be equal to the 
total number of sibs with some form of leprosy 
in that sibship. It is the sibs involved in the 
tests of these two hypotheses who are definitely 
known to have been sufficiently exposed to 
M. leprae to express the hypothesized pheno- 
typic effect. 


Our method of analysis employed a ‘‘com- 
plex segregation analysis.” Such a method is 
required when variable penetrance can result 
in a bias in expected number of affected off- 
spring and misclassification of the genotypes 
of mating phenotypes (Elandt-Johnson, 1970). 
The method and its application have been 
fully demonstrated elsewhere (Smith, 1977). 


_ The segregation model used by this method 
is 
255 n 
x x 
j=—1li=—1 «a, @%) 6k)? 0 — 9,;k,) 7 


where the parameters are defined as follows : 


s; == numbers of sibs in the j'* sibship 


r; = numbers of leprous sibs in the j‘* sib- 
ship 


§, = a priori segregation ratio (i.e., 9=1/4 
when both parents are assumed to be 
heterozygotes for the hypothesized 
susceptibility gene, 1/2 when one 
parent is heterozygous and the other 
homozygous for the .gene and 1.00 
when both parents are homozygous 
for the gene). 


k; = average of the penetrance values for 
the sibs in the j‘* sibship 


n = number of possible mating genotypes 
which the mating phenotype asso- 
ciated with the j‘* sibship could re- 
present 


«,; = probability that the mating phenotype 
associated with the j sibship is of 
the i'* possible mating genotype 


The procedure for estimating «; values for 
any sibship from a mating in which neither 
spouse had leprosy (i.e., an L- x L- mating 
phenotype) at the time of their last examina- 
tion is illustrated in table 4 under the auto- 


‘somal recessive hypothesis. The values are 


estimated in an analogous fashion for other 
hypotheses and mating phenotypes. This 
procedure requires the use of incidence of 
leprosy to estimate the frequency of the hypo- 
thetical gene in the population. The death of 
some who would have developed leprosy but 


‘died before doing so would bias gene fre- 


quency estimates downward. Further, there 
is evidence that beyond age 25 individuals 
with leprosy are subject to appreciably higher 
mortality than the healthy population. To 
avoid these sources of bias an estimate of 
incidence which more closely reflects the hypo- 
thesized underlying genotypes was made by 
dividing the life table incidence for those 
below 25 years of age (given by Doull, 1948) 
by the regression estimate of penetrance at 
age 25. 


As indicated in table 5 none of the four 
hypotheses is: supported by our data. Our 
analyses of a highly exposed population with 
a very high rate of ascertainment rejects a 
simple genetic hypothesis as the mechanism 
for transmission of susceptibility to the lepro- 
matous or to all forms of leprosy. 


Twin Studies 


Monozygous (MZ) twins share all their 
genes in common while dizygous (DZ) twins 
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share, as do normal sibs, only half their genes 
in common. It is often argued that differen- 
ces between rates of concordance for genetic 
traits in cotwins of these two twin types re- 
flect only the difference in the proportion of 
genes incommon. A greater concordance for 
the trait in MZ twins than in DZ twins, then, 
implies genetic causation while identical con- 
cordance rates for the two twin types implies 
non-genetic causation. 


Although early studies of twins at least one 
of whom had leprosy have been described 
(Mantegazza, 1904:; Ryrie, 1939; Brown 
and Stone, 1958; Keil, 1939), zygosity was 
either undetermined or not ascertained by 
rigorous and systematic observations. Other 
studies have reported only one or two sets of 
MZ twins (Ketkar et al., 1969 ; Doull, 1961) 
in whom similar clinical courses of the disease 
were observed. Spickett (1964) studied 29 
pairs of Indian twins in which both cotwins 
had leprosy. All 14 MZ twins were concor- 
dant for form of leprosy while 4 of the 15 DZ 
twins were discordant in this regard. Moha- 
med Ali and Ramanujam (1964 ; 1966) care- 
fully determined the zygosity of 35 twin pairs 
at least one of whom had leprosy. Concor- 
-dance for leprosy among MZ twins was 82.6 
percent (19 of 23 pairs) while that for DZ 
twins was only 16.7 percent (2 of 12 pairs). 
Only two of the 21 twin pairs concordant for 
leprosy (both MZ twins) were discordant for 
the form of leprosy. 


The largest twin study of leprosy reported 
is that of Chakravartti and Vogel (1973) which 
compared 62 MZ and 40 DZ twins living in 
endemic areas of India. Concordance for 
leprosy between MZ and DZ cotwins was 
59.7 and 20.0 percent, respectively. 


The similarity of the environmental factors 
which might affect susceptibility may be some- 
what greater for MZ than for DZ cotwins 
(Burt, 1966 ; Shields, 1962). This source of 
bias, however, is unlikely to be as serious 
(although in the same direction) as that intro- 
duced by the greater probability of ascertain- 
ing twins concordant than those discordant for 
leprosy (Cavalli-Sforza and Bodmer, 1971). 
For this reason, concordance rates for MZ 
twins may be somewhat inflated. Despite 
these sources of bias, however, the consistent 
finding of markedly higher concordance for 
leprosy for MZ than for DZ twins provides 
additional support for the operation of a gene- 
tic influence on susceptibility to leprosy. 
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Polymorphisms and Leprosy 


The prevalence of leprosy in different 
phenotypes of numerous genetic markers 
whose pattern of segregation is known has 
been studied principally during the last decade. 
Such studies represent an attempt to identify 
polymorphisms or closely linked loci which 
they mark whose gene products affect suscep- 
tibility to leprosy. 


RED CELL ANTIGENS 


Polysaccharide antigens similar to the A, B 
and H red blood cell antigens occur in some 
parasites. Sharing antigenicity with a para- 
site might immunologically affect the host’s 
antibody response to infection with that para- 
site (Otten, 1967). Such a mechanism has 
been proposed for associations between several 
diseases and ABO phenotypes (Clarke, 1961 ; 
Helmbold and Vogel, 1962). 


Some studies in India have shown blood 
type O to be more common among leprosy 
patients than among healthy controls (Ghosh 
and Mukherjee, 1970a; b; Vogel et al., 
197la). Other studies of Indian (Chakra- 
vartti and Vogel, 1973), Siamese (Saengudom 
and Flatz, 1967) and West African (Languillon 
et al., 1971a) samples have reported type A to 
be more frequent among leprosy (usually 
lepromatous) patients. The severity of eye 
involvement in lepromatous leprosy in Thai- 
land appeared to be greater for patients with 
A or AB than for those with B and O (p< 0.05) 
(Vogel et al., 1969). But since this was the 
only statistically significant association bet- 
ween ABO phenotypes and leprosy in a total of 
36 tests, it may well have been spurious. This 
association was not found in a sample of 
Indian patients with lepromatous leprosy 
(Vogel et al., 1971a). 


Other Indian (Ketkar, 1970; Vogel and 
Chakravartti, 1966 ; Vogel et al., 1971b) and 
West African (Faye et al., 1971 ; Languillon 
et al., 1973) studies have found no associations 
between ABO phenotypes and leprosy. Com- 
bining data from forty-one studies Vogel 
(1968 ; Vogel et al., 1969 ; 197la) found a 
slight, but insignificant, deficiency of type O 
in patients with lepromatous leprosy com- 
pared with those with non-lepromatous forms 
of leprosy. The x? for heterogeneity among 
these various population data, however, was 
highly statistically significant. Thus, it is 
inappropriate to regard them as a homo- 
geneous sample for analysis. Better methods 
for combining samples from different popu- 


EN for this purpose are available (Woolf, 
1955). 


Vogel et al. (1971a) identified an apparent 
interaction between the A red blood cell type 
and the Jny (1) gammaglobulin phenotype in 
one of two populations which were studied. 
The two-locus phenotype occurred  signi- 
ficantly more frequently than expected in 
lepromatous but not in non-lepromatous 
leprosy patients in a population from Thai- 
land. This association, however, was not 
confirmed in a set of Indian data. 


Lessa (1954) reported that Rh negative indi- 
viduals are more common among _ leprosy 
patients than in the general population, but 
this has not been observed in other studies 
(Faye et al., 1971 ; Languillon et al., 197la ; 
1973). No red cell antigen has consistently 
been found to be associated with any form of 
leprosy. 


HISTOCOMPATIBILITY (HLA) 
ANTIGENS 


The histocompatibility antigens determine, 
or mark regions which determine, cell media- 
ted immune responses and are associated 
with liability to a number of diseases related 
to immune status (McDevitt and Bodmer, 
1972 ; Ryder et al., 1974 ; Ritzmann, 1976). 
Differences in cell mediated immune respon- 
ses clearly distinguish the lepromatous from 
all other forms of leprosy and from the non- 
infected (or subclinically infected) state. 
Consequently, HLA phenotypes and haplo- 
types are prime suspects for host factors 
influencing the outcome of infection with 
M. leprae. 


Different population samples of lepro- 
matous leprosy patients have shown a pre- 
ponderance of HLA-B8 (Dasgupta et al., 
1975), AlO (Smith et al., 1975) and B14 
(Kreisler et al., 1974). HLA-A5 occurred 
statistically significantly more frequently 
(Smith et al., 1975) and HLA-A9 less frequ- 
ently (Dasgupta et al., 1975) in tuberculoid 
leprosy patients than in lepromatous leprosy 
patients. None of these associations are 
statistically significant, however, when p 
values are corrected for the number of anti- 
gens tested (p’=px the number of antigens 
tested, Miller, 1966). In a mixed Mexican- 
Mestizo sample of 50 leprosy patients from 
Mexico City statistically significant deficiencies 
of HLA-A2 and A3 (Escobar-Gutierrez et al., 
1973) were found. Difficulties were encoun- 
tered in culturing the lymphocytes and typing 


for HLA specificities, however. Further, both 
lepromatous and non-lepromatous patients 
were combined for the analysis. It is there- 
fore difficult to assess the meaning of these 
results. LA-Bw21 was found in one study 
(Thorsley et al., 1973) to occur more frequently 
among 19 lepromatous and 20 non-lepro- 
matous leprosy patients than among healthy 
controls. The small sample sizes and the 
similar outcome for both forms of leprosy, 
upon whose clinical differences the compari- 
sons of HLA phenotypes is usually justified, 
suggest that this association could be fortui- 
tous. 


The extreme complexity of the HLA region, 
cross cultural variability in frequencies of the 
many specificities, variation in sampling proce- 
dures and small size of samples reported pre- 
vent any useful comparisons of studies in 
different populations. Such comparisons will 
require large samples obtained from many 
different populations, a time consuming and 
costly operation. Only large samples can 
reveal associations between forms of leprosy 
and haplotypes, which are more likely than 
single locus phenotypes to mark adjacent 
regions of the chromosome. The statistical 
significance of these and other associations 
must be evaluated in light of the (usually) 
large number of antigens studied. 


RED CELL PROTEINS 


Phenotypic variation in two red cell pro- 
teins, hemoglobin (Hb) (Allison, 1954) and 
glucose-6-phosphate-dehydrogenase (G-6- 
P-D) (Luzzatto et al., 1969) are known to 
affect susceptibility to malaria. The geogra- 
phical distribution of the abnormal hemo- 
globin Hb‘ is similar to that of leprosy in 
Africa and Asia. However, no association 
was found between Hb* and any form of 
leprosy in large samples of Negro and Caucia- 
sian patients from Africa (Cezar et al., 1974 ; 
Languillon et al., 197la; 1973). In two 
studies the phenotype associated with G-6- 
P-D deficiency was found in higher frequen- 
cies among leprosy patients in India (Kher 
and Grover, 1969; Benait and Junnarker, 
1971). The proportion of leprosy patients 
(most of whom in both studies had the lepro- 
matous form of the disease) who were G-6- 
P-D deficient was about the same in both 
studies. This and the large number of both 
populations sampled provide some assurance 
that sampling errors are not responsible for 
the significant association. Large studies of 
African (Languillon et al., 1972), Philippine 
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(Lechat et al., 1968) and Brazilian (Beiguel- 
man et al., 1968) populations, however, failed 
to confirm the association. Benait and Junn- 
arker (1971) found all lepromatous leprosy 
patients with acid fast baccilli in their bone 
marrow to be G-6-P-D deficient. Variations 
among the populations in these and other 
clinical features of the disease could be res- 
ponsible for the contradictory findings and 
should be further investigated. 


PHENYLTHIOCARBAMIDE (PTC) 


Individuals homozygous for the recessively 
inherited inability to taste PTC are signi- 
ficantly more susceptible to nodular goiter 
(Boyce et al., 1976). However, no a priori 
expectations of a similar increased suscepti- 
bility to any infectious disease suggests itself. 
No such association has, indeed, been found 
(Beiguelman, 1964) between leprosy and PTC 
taste sensitivity. 


SERUM PROTEIN POLYMORPHISMS 


Lepromatous leprosy patients, compared 
with both healthy controls and non-lepro- 
matous leprosy patients, more often exhibit 
persistent infection with Australia antigen 
(HbsAg) in India (Ananthakrishanan et al., 
1972 ; Blumberg and Melartin, 1970 ; Dutta 
and Saha, 1973 ; Joshi et al., 1974 ; Kelkar 
et al., 1974), Greece (Papaevangelou et al., 
1972), Mexico (de las Aguas and del Hierro, 
1971), Africa (Francis and Smith, 1972; 
Languillon et al., 1971b; 1973) and the 
Philippines (Blumberg and Melartin, 1970 ; 
Blumberg et al., 1967 ; 1970). As only out- 
patients or inpatients (but not both) were used 
in some studies, a greater opportunity for 
infection of lepromatous than of non-lepro- 
matous patients with HbsAg due to more fre- 
quent institutionalization of lepromatous cases 
would appear unlikely. In other studies from 
India (Bedi et al., 1975 ; Kelkar et al., 1973), 
Brazil (Salzano and Blumberg, 1970), Greece 
(Papageorgion et al., 1972) and Africa (Lechat 
et al., 1973 ; Ananthakrishnan et al., 1972 ; 
Swanepoel and Cruickshank, 1972), however, 
this association was not found. 


Of all the associations studied that between 
HbsAg and lepromatous leprosy is the most 
commonly found. Of the seven studies which 
failed to identify such an association small 
sample sizes used in two may have led to 
errors in sampling (Bedi et al., 1975 ; Papage- 
orgion et al., 1972). The Brazilian study 
(Salzano and Blumberg, 1970) is consistent 
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with the observation that significant associa- 
tions are not generally found where HbsAg 
occurs in very low frequencies. In another 
study frequencies of HbsAg were higher in 
patients with lepromatous leprosy than either 
those with tuberculoid leprosy or normal con- 
trols, but these differences were not statis- 
tically significant (Ananthakrishnan et al., 
1972). Swanepoel and Cruickshank’s study 
(1972) was conducted in Rhodesia where 
frequencies of HbsAg vary considerably from 
region to region. Since their study included 
samples of controls and leprosy patients from 
different geographical areas, the controls may 
not have provided a valid comparison. Most 
studies which have employed large samples of 
leprosy patients and randomly selected con- 
trols from populations in which HbsAg occurs 
in high frequencies have confirmed the asso- 
ciation between HbsAg and lepromatous (but 
not non-lepromatous) leprosy. A common 
impairment of cell mediated immunity in 
infections with both M. leprae and HbsAg 
might explain the association. 


Haptoglobins bind and probably help dis- 
pose of hemoglobin molecules freed during 
cell destruction. As the haptoglobin pheno- 
type Hp (1-1) has greater binding capacity 
than other phenotypes, a selective force affec- 
ting this phenotype might occur in tropical 
areas where anemic and other hemolytic 
conditions are common. The prevalence of 
leprosy is also greatest in tropical areas. 
As the Hp’ gene appears to increase in fre- 
quency nearer to these areas (Buettner- 
Janusch, 1966), an association between the 
Hp gene and leprosy would provide a balan- 
cing selective force for maintaining the Hp 
polymorphism. Most studies, however, have 
revealed no relationship between Hp pheno- 
types and any form of leprosy (Walter et al., 
1970; 1972; Schwanter et al., 1967). An 
excess of the Hp (1-1) phenotype among 
lepromatous leprosy patients, as opposed to 
tuberculoid patients and controls, was found 
in a Philippine population by Lechat et al. 
(1968). Hp (1-1) was found in excess among 
lepromatous leprosy patients compared with 
controls and with tuberculoid leprosy patients 
in Angola, Africa ( Ananthakrishnan et al, 
1973). In this study tuberculoid leprosy 
patients had significantly lower frequencies of 
Hp?—* than did normal controls. These out- 
comes, however, could be spurious. First, 
three of the four significant tests (p<0.05) 
performed in this last marker study are ex- 
pected as type I errors given the large number 
(53) of tests performed. Second, as all possible 


multiple pairwise comparisons among disease 
Classes were made, all of the tests are not 
independent contrasts (Bancroft, 1968:100). 
Thus, the number of type I errors expected 
for the analysis at the 0.05 level of probabi- 
lity may actually be greater than 3. 


The group specific protein gene Gc! seems 
to occur in lower frequencies in areas where 
the prevalence of leprosy is highest (Buettner- 
Janusch, 1966). Although this polymorphism 
is not known to be related to any disease, 
an excess of the Gc! gene among individuals 
with lepromatous leprosy could explain this 
distributional pattern since the lepromatous 
form of the disease decreases fertility (Beiguel- 
man et al., 1965; Smith et al., 1977b)... The 
Gc'—1 phenotype has been found in. higher 
frequencies in all leprosy patients than in 
healthy controls (Goedde et al, 1975; 
Spielmann et al., 1970; Walter et al., 1972). 
Another study found these same differences 
but they were not statistically significant 
(Salzano and Hirschfeld, 1965). Further 
studies are needed before generalizations can 
be made. ) 


Low levels of serum cholineemrase a condi- 
tion known to result from homozygosity for 
an atypical autosomal gene, E,’, have been 
reported in patients who recover abnormally 
slowly from paralysis induced by the muscle 
relaxant Scoline. It has been observed that 
some leprosy patients administered Scoline 
exhibit similar behavior (Thomas and Job, 
1972). Their pseudocholinesterase levels, 
however, were not tested. A study in South 
India found that dibucaine was. significantly 
less able to inhibit serum cholinesterase _(i.¢., 
thus yielding a low dibucaine number).in 
lepromatous than in both tuberculoid leprosy 
patients and normal controls from - India 
(Thomas and Job, 1972). A low, dibucaine 
number is sometimes associated with the pre- 
sence of the atypical serum cholinesterase 
gene. However, this association was not 
found in a sample of Ethiopian leprosy 
patients (Agarwal et al., 1973). | 


Transferrins, which migrate in the 
G-globulin fractions of serum, bind with and 
transport iron to and from bone marrow and 
other tissues where they form.an important 
constituent of hemoglobin and. various. en- 
zymes. The polymorphic variants. of. trans- 
ferrins are controlled by genes segregating at.a 
locus which appears to be linked with the 
locus controlling pseudocholinesterase ‘levels 


(Renwick, 1969). These variants have diffe- 


rential iron binding ‘capacities.’ Although no 
evidence! is available;' it: has' been suggested 
that ' transferritziron complex” inhibits | the 
multiplication of Viruses in the body (Buettner- 
Janusch,'' 1966) ‘explaining ‘the decrease’ in 
transferrin levels during episodes’ of infection 
(White et: al., 1959).-- Sevefal’ populations 
have been’ studied to' ‘deteet associations 
between: transferrin phenotypes ‘and the‘ polar 
forms of leprosy’(Anatithakrishnan éf'\al., 
19733! Goedde' et’ 'al., 219755 “Lechat et dali, 
1968; Walter et’ al., "1970 (1972) hone has 
been’ found, 419 Tas scl 

wot eudordinant atietes axisntrdl me py 
thesis: of | the! third’ component of comple- 
ment,''©3?! C3\enhances! the “binding oof 
antigen-antibody complexes'to leukocytes and 
the phagocytosis’ of ‘antibody-coated: mibro- 
organisms’ by: ‘leucocytes and ‘macrophages 
(Jawetz: et dl) (1976)o: Avssilent: ‘(but ©rare) 
allele has also been identified for whicl there 
is no detectable gene product. Homozy- 
gosity for this} gene has-been shown td! be 
associated with higher susceptibility. to’ some 
bacterial infections (Alper ietoali 2972).0 : The 
level of ©3: im shuman: serum™ ‘has also. proved 
usefuliin the diagnosis and prognosis |ofiseveral 
diseases “(Schurroand> Austén, .4968):i bevels 
of, C3 in'deprosy patients, relativesto control 
subjects, have been fouid to\béhigher in some 
studies (Agarwal) et ak,!1974)1but dower! in 
others (Shwe}\'972}sShweand Petty, 1972). 
The frequencies ofthe: C3 phenotypic wariants 
of the two’ common:alleles:in leprosy patients 
do:not| appear to: differ from those notintal 
controls |: ‘(Ananthakrishnan> fet iakp! E973); 
Agarwalet alc, '1974)0° (Neither: do? these: ‘Vari+ 
ants:diffet im total! C3 concentration! (Agarwal 
eto al., 19743! Srivastava dts allji975a9i'b). 
Further) thes immune gotivitlesd assoviated 
with! “C3 appear: to: be normal! im those with 
lepromatous leprosy (Sheagren, 1969)°\°A 
significant difference in C3 concentration be- 
tween|'patients cwithi¢ leprosy and) healthy 
controls>'isiomore: likely:}duest6 the! clinical 
course? of ‘the disease: itself] ratlioxs ara Se a 
causal aopstoh im the! waitin e™ as 


The “potyanoyphisin: comittellingp' the: se 
thesis of ésantitrypsin; ai serum: glycoprotein, 
is:'\Controlledo by: 'séveral® Codominanht.| genes. 
Two of\ the lessicommonodf thesengenes,) Pi’ 
and: Pi*, arélassociated withilow: concentrations 
of inoupetiteaephim and with certainypulmonary 
diseases as Well! (Keuppersiib971)2\2 Hriksson 
(2965) has proposed that iridividuals; |canrying 
these atypical! genes! shave! aigreatet suscepti 
bility toi tissue damage by proteolytic enzymes 
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of granulocytes and macrophages which 
are not sufficiently inactivated. If so, a 
- similar process might influence the clinical 
course of leprosy in susceptible individuals. 
One study of an African population has proved 
consistent with this hypothesis, the less com- 
mon phenotypes occurring in significantly 
higher frequencies among lepromatous leprosy 
patients (Ananthakrishnan et al., 1973). 
Other studies of an African and an Indian 
population found the same relationship but 
the differences were not statistically signi- 
ficant (Walter et al., 1970; 1972). One of 
these studies (Walter et al., 1972) found the 
atypical Pi phenotypes to be statistically 
significantly associated with three features of 
the disease in patients with lepromatous 
leprosy: the absence of paralysis and reactivity 
and the presence of nodular, as opposed to 
macular, skin lesions. A larger sample for 
the tests might have revealed other significant 
relationships. 


It has been suggested that phenotypic vari- 
ants in Jnv and Gm, polymorphisms of the 
gamma globulin fraction of human serum, 
might differ in the amount of gamma globulin 
formed hence in the intensity of immune 
responsiveness. No_ difference has been 
found, however, between the phenotypic 
distributions of Jnyv of controls and patients 
with any form of leprosy (Ananthakrishnan 
et al., 1973; Vogel et al., 1971b). Further, 
Inv phenotypes do not appear to differ in total 
amount of serum gamma globulin (Vogel et al., 
1971b), nor do lepromatous leprosy patients 
have lower levels of immunoglobulins than 
controls (Sheagren, 1969). The distribution 
of Gm phenotypes of controls and those of 
patients with all forms of leprosy were 
found to be homogeneous in a study of an 
African population (Ananthakrishnan et al., 
1973). 


Additional serum protein polymorphisms 
which have been studied are ceruloplasmin 
(Cp) and B,-glycoprotein I (Bg). Walter et al. 
found both homozygote Bg genotypes to be 
more common among leprosy patients in 
Mozambique (1970) yet less common among 
leprous males (but not females) in: West 
Bengal, India (1972). Only for the Indian 
population was the distribution of the form 
of leprosy known. Here, female patients 
with lepromatous leprosy were less frequently, 
but not significantly so, of the heterozygote 
phenotype. In Mozambique the Cp® pheno- 
type was found to be statistically significantly 
more common among leprosy patients than 
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among controls. All other phenotypes were 
rare among patients (Walter et al., 1970). 
In India no such relationship was found 
(Walter et al., 1972). 


Using other markers such as the Lewis 
blood group system and the phospho- 
glucomutase loci phenotypic heterogeneity 
between patients with leprosy and normal 
controls has been reported (Spielman et al., 
1970), but confirming studies have not, to 
our knowledge, been conducted. 


Yasuda and Morton (1967) have shown that 
inter-village kinship coefficients for common 
genetic markers decrease with distance and 
can be fit by a monotonically decreasing 
function. This function is analogous to an 
intraclass correlation coefficient between gene 
frequencies of villages separated by identical 
distances. Bechelli et al. (1973) attempted 
to compare such a function with correlations 
between prevalence rates of village pairs 
separated by different geographic distances 
but were unsuccessful. Differences in village 
prevalence rates, however, could be regarded 
as functions of inter-village genetic distances 
only if all 118 villages studied were equally 
exposed to infection. A similar study which, 
for example, could demonstrate similar rates 
of “‘subclinical’’ infection might ensure more 
homogeneous opportunity for infection among 
a set of villages and prove more informative. 


Most of the significant associations identi- 
fied by the marker phenotype analyses re- 
viewed here have involved only the lepro- 
matous form of leprosy. Yet no marker 
phenotype studied has shown a consistent 
association with this or any other form of 
leprosy. It is still too early to judge the 
meaning of these contradictory results from 
different population studies. Phenotypic 
variation between controls and patients with 
(especially lepromatous) leprosy which was 
reviewed here follows a more consistent pat- 
tern for the Gc and Pi markers and also for 
the HBsAg antigen which has some charac- 
teristics of a polymorphism. Further studies 
of the association of these markers with 
various aspects of the lepromatous form of 
leprosy which exhibit clinical and immuno- 
logical variation could enlighten the meaning 
of these apparent relationships between 
genetic variation and resistance to leprosy. In 
general, marker studies conducted heretofore 
provide little such enlightenment. 


Few of these studies have sought associa- 
tions which are derived from explicit a priori 


functional expectations that the polymorphism 
is linked to hypothetical genes responsible 
for resistance to infection with M. leprae 
or directly alters resistance (Ananthakrishnan 
et al., 1973). In some cases the large sampling 
errors of the small sample sizes used in these 
studies may have led to statistically signi- 
ficant associations which are spurious. In 
other cases the few significant associations 
found at the 0.05 level of probability could 
be expected given the large number of statis- 
tical tests performed. Some studies have 
treated the polar or other forms of leprosy 
separately while others have not distinguished 
between different forms of leprosy in these 
tests. This has led to ambiguities in com- 
paring the outcomes of independent tests of 
association from different populations. A 
standard and highly efficient statistic for such 
tests has been suggested by Woolf (1955) 
but it was not always employed in the studies 
reviewed here. This statistic is not influenced 
by variation in either the disease incidence 
or phenotype frequencies and thus allows the 
combining of weighted estimates obtained 
from many different populations. Attempts 
should also be made to detect effects of in- 
teractions between different loci upon suscepti- 
bility to lepromatous leprosy. Finally, even 
consistent and strong associations between 
polymorphisms and diseases may allow that 
the genes involved play only a negligible role 
in susceptibility to the disease relative to the 
role of the environment or of many other 
genes (Edwards, 1965). The large variety 
of polymorphisms found to be associated 
with lepromatous leprosy in different popula- 
tions suggests that if there is a genetic influ- 
ence a large number of independent genes 
may affect susceptibility to that disease. 


The Multifactorial Hypothesis 


Brown (1956; 1959) has argued that many 
genes might be responsible for susceptibility 
to leprosy. Spickett (1964) has argued that a 
multifactorial (polygenic) hypothesis would 
require viewing leprosy as a continuously 
distributed characteristic. This, at that time, 
did not seem _ likely. Recent studies, 
however, indicate that competence of the cell 
mediated immune response to WM. leprae, 
measured by leucocyte migration inhibition 
and lymphocyte transformation, may be 
continuously distributed in human popula- 
tions. Such a distribution coincides roughly 
with the scale of severity of infection from 
the highly resistant polar tuberculoid form 
to the non-resistant polar lepromatous form 


of leprosy (Myrvang, 1975). Similar tests 
also revealed evidence of sub-clinical infection 
with M. leprae in a large proportion of healthy 
contacts of leprosy patients (Godal and 
Negassi, 1973) and in a substantial propor- 
tion of healthy members of endemic popula- 
tions who were unaware of any contact with 
leprosy victims (Godal, 1975). The polar 
lepromatous form could, then, represent the 
threshold of a continuum of resistance above 
which occurs a complete lack of resistance. 
This continuum might begin with asympto- 
matic sub-clinical infection and progress 
through the non-lepromatous range reflecting 
decreasing levels of resistance. At some point 
beyond the non-lepromatous range immune 
responses become totally inadequate. Many 
genes which affect the immunological defense 
system might determine one’s position on 
this scale after exposure to M. leprae. Some 
of these genes might be identical to, interact 
with or be marked in the genome by some of 
the polymorphisms found in some popula- 
tions to be associated with lepromatous 
leprosy. 


Mactan Island, Philippines 


If resistance to infection could be quanti- 
tated for an entire population in which leprosy 
is endemic, the hypothesis that resistance, 
hence susceptibility to leprosy, is transmitted 
as a multifactorial trait could be tested by the 


standard regression techniques of quantitative 


genetics (Falconer, 1960). As only the form 
of leprosy is usually known for such popula- 
tions, the level of resistance is known only 
for victims of lepromatous leprosy. The 
complete lack of resistance exhibited by these 
victims is analogous to a multifactorial thres- 
hold trait. The standard regressions of 
phenotypic values of probands upon those 
of their relatives, employed in quantitative 
genetics to estimate the degree of genetic 
determination, are not possible because only 
the presence or absence of such a trait can be 
detected. Falconer (1965), however, has 
developed a method by which to estimate the 
degree of genetic determination for multi- 
factorial threshold traits. By regarding lepro- 
matous leprosy as a threshold characteristic 
we can estimate its heritability (h?). If 
resistance to infection is continuously distri- 
buted this should provide an estimate of /? 
for leprosy in general. Other forms of 
leprosy, associated with varying levels of 
resistance cannot be regarded as a threshold 
trait and should yield a much lower estimate 
of h? when analyzed in this fashion, 
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We. have, estimated heritability, for suscepti- 
bility to; lepromatous, and; to, all forms, of 
leprosy).on, Mactan Island... Following, the 
method, of Falconer. (1965), we have employed 
estimates. of, coefficients; of regressions of 
liabilities, of relatiyes.of propositi to.the disease 
upon, liabilities. of propesiti to the disease to 
estimate: ;/?.. This ;method. assumes. that 
expression,..of .the |threshold,, characteristic 
results. from. the additive effects, of many 
codominant genes in. the. absence, of, epistasis 
Of -- gene-environment , interactions. A. heri- 
tability, of 100 indicates total, genetic deter- 
minatron .of, (i.e, no, environmental. contri- 
bution, to). susceptibility. Heritability... esti- 
mates, near zero. are, indicative, of non-genetic 
determination. Estimates -well,..below zero 
or, above. 100) canbe regarded as clear rejec- 
low: he estimates imply that if genes. do affect 
sseantibalith their, PontrauHeD 3 18. minimal. 


osc our: analysise ‘the first; aM selative 
sib-sib pairs and. parent-sib. pairs were com- 
bined to provide the largest possible samples 
with the least sampling error for the estimate 
of the regression coefficients (6). .Then A? 
=b/r where r is the kinship coefficient (1/2°in 
this.case) relating relatives to. propositi.... Since 
the prevalence, of leprosy differs.in males and 
females an; independent. estimate. of .h? .was 
made, for, each, sex.-| For, this purpose. only 
like-sexed. relative, pairs. (i.e.,, male-male and 
female-female) could. be-used; since, the. genetic 
component. of. jJiability | to. a.-multifactorial 
threshold characteristic need. not depend upon 
186 os genes: aR othe: we Sexes & Uielcansh, 


Onn, pewitaa are. “given. in. Dobe o When 
lepromatous leprosy isregarded as a, threshold 
trait; the, estimate, of heritability. in, males, 
71.74+6.8, .is,, higher;than that.in females, 
53.04,14.0. While .such | a, difference could 
result. from different variances,, in ,, liability 
derived, from. environmental causes for the two 
sexes, the two estimates do not differ. within 
the .range...of, their, standard .errors.,. Since 
the, two, 4? estimates do, mot differ an average 
value can, be, estimated. by; weighting the. -re- 
gression..coefficients, of each by,.the inverse 
of their sampling. variances.,.. The variance 
of, this average. estimate is the i inverse. of the 
summed weights,. As, shown, in. table 6. the 
average fh? is.68.1 + 6.1., When, on. the other 
hand, “‘all.forms, of; leprosy,” is. regarded as 
the, threshold. trait, the two, estimates. of. }? 
are much, lower,and.do differ within the ranges 
of their standard errors, |. 7 
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The outcome of our analysis suggests that 
over two-thirds of resistance to infection with 
M. leprae would be determined by genes were 
the multifactorial hypothesis valid. If some 
of these genes exhibit dominance, however, 
this estimate may be slightly inflated. This 
estimate is similar in magnitude to heritability 
estimates for other diseases suspected to be 
inherited as multifactorial characteristics such 
as harelip, rheumatic fever and diabetes 
mellitus (Cavalli-Sforza and Bodmer, 1971). 
While the outcome of the preceding analysis 
does not warrant acceptance of the multi- 
factorial hypothesis, it is certainly consistent 
with this hypothesis. 


fopelnsions 


~ Epidemiologic and family studies, genetic 
iagker analyses and twin studies all suggest 


‘a strong genetic contribution to susceptibility 
to developing leprosy when infected with M. 


leprae. While inconsistent with a principal 


‘gene effect, the evidence supports the multi- 


factorial determination of the adequacy of the 


host’s cell mediated immune response to resist 
infection with M. leprae. 


Further genetic 
marker studies offer an encouraging prospect 
for identifying both susceptible individuals 
and the genetic mechanisms involved in 
susceptibility. Larger and _ longitudinally 
designed twin studies which are free of 


ascertainment bias could provide further valu- 


able information on the mode of inheritance 
of susceptibility as would the comparisons of 
estimates of heritability for a variety of 
relative-pairs (i.e., sib-sib, parent-child, 
cousin-cousin, uncle- -nephew, grandfather- 
grandchild, etc.) in the same population. It 


is hoped that these goals will attract a greater 


interest among human _ geneticists. 
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COMPARISON OF OBSERVED AND EXPECTED NUMBERS 
OF SIBSHIPS EXPOSED AT TIME OF PARENTS MARRIAGE 
TO A CASE OF LEPROSY IN A MATERNAL OR PATERNAL 


Exposed 


38 
125 
107 
125 
355 
750 


Observed 
Un- 
exposed 
146 
67 
34 
21 
13 
281 


TABLE 1 


RELATIVE! 


ve Exposed 


20.7 
65.1 
ioe 
85.6 
96.5 
72.8 


TABLE 2 


37.0 
112.8 
91.4 
106.0 
291.2 
662.7 


Expected 
Un- Wi 
exposed 
147.0 20.1 
gre: 58.8 
49.6 64.8 
40.0 72.6 
76.8 79.1 
368.3 64.3 


X3(1) 


0.00 
1.39 
3.62 
6.71* 
50.00** 
31.83** 


DISTRIBUTION OF LEPROMATOUS (L) AND NON-LEPROMATOUS 


i) x(L—) 

(L+) x(L—) 

(—, NL—) Xe) 
(NL+)x(L—, NL—) 


No. 


Families 


1156 
64 
1027 
131 


Total 
No. 
Offspring 


6906 
323 
6167 
745 


Polit 


0.0207 
0.0743 
0.0209 
0.0201 


(NL) LEPROSY IN OFFSPRING BY DISEASE TYPE OF PARENTS}? 


°~/NO-+ 


0.0256 
0.0279 
0.0274 
0.0107 


1(L++) and (L—) refer, respectively, to parents with and without lepromatous leprosy, and (NL+) 
and (L—, NL—) refer, respectively, to parents with non-lepromatous leprosy and with neither 
form of leporsy. The prevalence of lepromatous and non-lepromatous leprosy in the general 
population is, respectively, 0.023 and 0.027. 
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TABLE 3 


DISTRIBUTION OF LEPROMATOUS AND ALL FORMS OF LEPROSY 
AND ESTIMATES OF PENETRANCE FOR MALES 
AND FEMALES BY AGE GROUP OF ONSET? 


Males Females 

Age Lepro- All forms Lepro- All forms 

of matous be of a matous Y of sf 
Onset Leprosy Leprosy Leprosy Leprosy 

0-4 0 .000 4 .014 0 000 3 .020 

5-9 16 .098 37 ee 10 .170 34 .247 
10-14 51 409 83 419 13 390 35 .480 
15-19 38 .640 60 .622 21 .746 33 .700 
20-24 21 .768 39 .753 8 88] 18. .820 
25-29 14 854 22 828 l .898 3 .840 
30-34 6 890 13 872 z 932 7 .887 
35-39 9 945 13 .916 2 .966 5 .920 
40-44 3 .963 8 943 0 .966 - 947 
45-49 1 .970 2 .949 0 .966 ] as 
50-54 1 .976 2 956 2 1.000 - 1.000 
55-59 2 988 8 .983 0 0 

60-64 ] 994 2 .990 0 0 

65-69 0 994 0 .990 0 0 

70-74 1 1.000 3 1.000 0 0 

75-79 0 0 0 1 

164 296 59 151 


*To avoid overestimating Y at higher ages, female penetrance was considered to be maximal 
by age 55 despite the single female whose age of onset for a non-lepromatous form of leprosy 
was above age 75. 
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TABLE 4 


METHOD FOR ESTIMATING «, FOR AN L— x L— PHENOTYPE MATING: 
AUTOSOMAL RECESSIVE HYPOTHESIS 


Possible Genotypic Mating? 


Father Mother i §. Expected Mating Frequency? Oh; 
Lie x | i dBi 1 4 PY qdg* 2p 049 =A A/X 
LYLE (NE) Xx By 2 4 qd (I—k y) x 2p 2949 = BoB 
BAW: x L}/L (NE) 3 5 2g dg xq? 9 (1—-k og) ee On, € 
Lian) x L}/L? (NE) 4 1 qs (1 ky) xq 9(i-kg) =D D/xX 
Tce | 


1] 1 represents the recessive gene whose homozygote state confers susceptibility to leprosy when 
infected and L? its allele. NE indicates a homozygous recessive state in which leprosy is not 
expressed in the phenotype due to incomplete penetrance of the genotype. 


The frequency of the hypothetical gene L!in males and females in the general population, q ro 


and q 9 respectively, was estimated as a/ f' and 1 —4/ i —f’ for the autosomal recessive and 
dominant hypotheses, respectively, where f’ is the life table incidence of leprosy below age 25 
(1933-1941) divided by the penetrance value of the L/L genotype at age 25. f’ yand f’ 9 are 
.034 and .014 respectively for lepromatous leprosy and .061 and .037 respectively for all forms 
of leprosy combined. k is equal to the penetrance value for a parent of that sex at his (hers) 
age when last examined for the presence of leprosy. 
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TABLE 6 


_ ESTIMATE OF HERITABILITY (42) OF LEPROMATOUS AND 
ALL FORMS OF LEPROSY FOR MALES AND FEMALES BASED 
ON THE MULTIFACTORIAL THRESHOLD HYPOTHESIS FOR 
SUSCEPTIBILITY? 


Lepromatous Leprosy 


Mean liability Estimate of 
Number Prevalence ——-—__——_—_ heritability 
cases of _ of leprosy Relatives of General = ————————————_ 
leprosy in in sibs propositi Population ' #2? + SE. 
Propositi Sib sibs of 
propositi 
Male Male 62 1442 1.062 © 1.872 Wa 6.8 
Female Female 8 0661 ae Betis 53.0 14.0 
Weighted Average 68.1 6.1 
All Forms of Leprosy 
Mean liability Estimate of 
Number Prevalence ———H—__—_—_—_—_ heritability 
cases of _ of leprosy Relatives of General 9 ——_______ 
leprosy in in sibs propositi Population [Bee Sk, 
Propositi Sib sibs of propositi 
Male Male 133 .1334 1.110 © 1.552 44.6 3:3 
Female Female 36 .0673 1.497 1.792 27.0 sae: § 
Weighted Average 39.0 4.4 


1For h? estimates the general population prevalences of lepromatous leprosy of .0306 and .0148 
(115 and 49 cases) for males and females respectively were used, and for all forms of leprosy, 


the prevalences .0603 and .0366 (226 and 122 cases) for males and females respectively were 
used. 
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INDIGENOUS LEPROSY IN THE NINE-BANDED 
ARMADILLO 


WAYNE M. MEYERS, CHAPMAN H. BINFORD, GERALD P. WALSH 


In the general article on leprosy, we men- 
tioned the lepromatous leprosy infection that 
follows inoculation of Mycobacterium leprae 
into the nine-banded armadillo (Dasypus 
novemcinctus). Dr. Eleanor E. Storrs, at the 
Gulf South Research Institute (GSRI), New 
Iberia, Louisiana, first used the armadillo for 
leprosy research in 1971. In 1975, the staff 
of GSRI reported the discovery of a myco- 
bacterial disease in wild armadillos recently 
captured in Louisiana. This disease could 
not be distinguished from experimental leprosy 
in armadillos by histopathologic, bacteriologic 
or immunologic criteria. The mycobacteria 
did not grow at 32°C or 37°C on Lowens- 
tein-Jensen or 7H10 media. 


In armadillos with this naturally acquired 
leprosy, there were large numbers of acid-fast 
bacilli (AFB) in macrophages of skin, ears, 
nerves, lymph nodes, liver, and _ spleen. 
Histopathologically, the lesions closely resem- 
bled lepromatous leprosy in man. The 
mucous membranes of the nose and mouth, 
and the tongue were often heavily infected. 
As in the eye of patients with lepromatous 
leprosy, there were AFB in phagocytes in the 
ciliary body and cornea. 


Invasion of nerves by AFB is pathogno- 
monic of leprosy in man, and in armadillos 
with naturally acquired leprosy, small nerves 
of the skin and large nerves (sciatic and 
brachial) contain many AFB within macro- 
phages and Schwann cells. 


In the indigenous disease, as in the experi- 
mental infection in armadillos and in leprosy 
in man, the AFB were well stained by the 
Fite-Faraco method and poorly stained by the 
Ziehl-Neelsen method. At the AFIP, we 
have found this staining property useful in 
differentiating M. leprae from other myco- 
bacteria in histologic sections. The acid- 
fastness of the bacilli in smears or frozen 
sections was abolished by exposure to pyri- 
dine, as is the acid-fastness of M. leprae 
(Convit and Pinardi). 


Lepromins of the Mitsuda-Hayashi-Wade 
type were prepared from five naturally infec- 
ted armadillos and assayed in leprosy patients 


‘at the Institut Medical Evangelique, Kimpese, 


Zaire, by Staffan Kvernes, M.D., Carrie 
Stuart, M. D., and Edna M. Staple, S. R. N. 
The reactions read at four weeks corresponded 
to those obtained with lepromins prepared 
from human lepromas. 


Thirty-five animals with indigenous leprosy 
have been discovered and studied by GSRI, 
and confirmatory tests have been done at the 
AFIP. The modes of infection and trans- 
mission of this disease have not been deter- 
mined. By every test so far applied, the 
AFB in the tissues of these armadillos appear 
to be M. leprae. Assuming then that the 
AFB are M. leprae, we will speculate on the 
origin of this infection of armadillos and on 
its possible association with leprosy in man. 


Leprosy has been endemic in man in 
southern Louisiana for more than 150 years. 
The armadillo appeared in Louisiana about 
1926. In that era, there was no effective 
treatment for leprosy and all diagnosed 
patients were required to go to the USPHS 
Hospital at Carville, Louisiana. Some, how- 
ever, evaded detection to avoid incarceration. 
Armadillos seeking food (particularly insects) 
could have come in contact with fomites from 
patients with active disease ; because of the 
high susceptibility of armadillos to infection 
with M. leprae, the disease may have esta- 
blished itself in local armadillos. The route 
of infection may be through wounds in the 
skin or by respiratory or gastro-instestinal 
tracts. Available epidemiologic data suggest 
that this may have happened in isolated areas, 
since several foci are far from other known 
centres of infection. Detailed surveys, how- 
ever, are needed to construct a complete map 
of the distribution of indigenous leprosy in 
armadillos in Louisiana and in all areas in- 
habited by armadillos. The effective treat- 
ment of leprosy with sulfones, first reported 
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in 1943, came into general use several years 
later. 


Another possibility is that M. leprae may 
be an unidentified soil bacterium found only 
in a suitable environment. This concept is 
reasonable since the distribution of nodules 
in the skin and nasal membranes of water 
buffalo with lepra bubalorum suggests that 
the infection is acquired from the mud in 
which the animals wallow. 


Intensive epidemiologic studies of indi- 
geneous leprosy in armadillos may contribute 
significantly to an understanding of the trans- 
mission of leprosy in man. 


None of the experimentally infected arma- 
dillos from GSRI has escaped, so these could 
not be the source of the naturally acquired 
infection. Furthermore, the distribution of 
the natural infection is more widely dispersed 
in Louisiana than would be expected (up to 
200 miles) during the five years that the 
armadillo has been experimentally infected. 


Indigenous leprosy in armadillos makes it 
important that armadillos bred in captivity be 
used in future studies in leprosy. As yet, 
however, armadillos have not been bred in 
captivity. Only by the use of laboratory 
bred armadillos for the study of leprosy can 
the investigator be sure that the animal is 
free of naturally acquired leprosy. Until a 
supply of armadillos bred in captivity is 
available, armadillos to be used in experi- 
mental research in leprosy should be captured 
in a geographic area free of indigenous 
leprosy or be born of females that were 
pregnant when captured. 
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CLASSIFICATION 


D. S. RIDLEY 


What, one may ask, is there special about 
leprosy that has made its classification a 
contentious issue? Why classify at ali? 
Interest goes back to the early realization that 
while some patients had lesions with vast 
numbers of leprosy bacilli, of which they 
excreted millions a day, others had a disease 
with few bacilli or, apparently, none; yet they 
might have both paralysis and deformity. 
The variety of manifestations was remarkable. 
Not surprisingly, the first classification of 
leprosy was two types, skin and neural. It 
is now almost self evident that the number 
of bacilli which a patient harbours is depen- 
dent on his immunity. Although modern 
drugs kill leprosy bacilli they are unable to 
diminish their numbers; only the patients 
immunity cando that. And as we shall see 
later, nerve involvement is indirectly due to the 
immune mechanism also. 


What is special about leprosy, therefore, 
is that it is the first infection in which a 
broad-ranging pattern of disease has been 
recognised as due to a broad-ranging im- 
munological relationship between the patient 
and the infective agent, in this case the leprosy 
bacillus. 


The Spectrum 


Leprosy remains the classic example of an 
infection with a broad disease spectrum, 
but as a result of its study other infections 
are coming to be recognised as displaying 
a spectrum also, tuberculosis for example. 
However, tuberculosis, like the majority of 
infections, differs from leprosy in that it is 
due to an organism that is highly virulent to 
the patient. Either the patient has moderate 
immunity or he dies. The spectrum is narrow. 
By contrast, the leprosy bacillus in itself is 
remarkably non-toxic, and when immunity 
is low the patient is able to tolerate enormous 
numbers of the bacilli without suffering 
grievous damage. Eventually, of course, the 
unrestrained multiplication of the bacilli 
presents a problem that is difficult to treat, 


as well as presenting a hazard for the spread 
of infection to others. But the leprosy 
bacillus only becomes acutely damaging when 
the patient becomes hypersensitive to it, and 
the nerve, perhaps, where the bacilli have 
lodged, is destroyed as a result. ‘‘Delayed”’ 


hypersensitivity, which is the cause of most of 
the symptoms of tuberculoid leprosy, is 
Closely related to immunity. 


If immunity 


Fig A. In lepromatous leprosy the macrophages 
that ingest and ought to deotroy invading bacteria 
serve as the ideal host to the leprosy bacillus. The 
bacilli thrive and multiply. So do the macrophages. 


is very high the patient will never develop 
leprosy, or it will be self-healing. But if 
immunity is moderately high, though insuffi- 
cient to prevent the disease developing, then 
hypersensitivity is usually unavoidable. This 
on the one hand, and on the other a lack of 
immunity specifically to the leprosy bacillus 
(not other bacilli) are the twin bases of 
tuberculoid and lepromatous leprosy which 
clinically, pathologically and immunologically 
are so far apart. In between these two poles 
is the borderline region of the spectrum. The 
nearer to the middle of this region one goes 
fewer the patients one finds. This is not be- 
cause mid-spectrum disease is rare, but 
because the disease in this situation is parti- 
cularly unstable, and patients accordingly 
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are prone to move in the direction of the 
lepromatous or tuberculoid poles, with a 
corresponding change in their immunological 
state. This, of course, may have important 
implications for the patient, and may affect 
his treatment, just as treatment will probably 
affect the direction of the move in the spec- 
trum. What happens is that when the 
immune state, the balance between immunity 
and bacteria, is upset there is often a 
temporary increase in hypersensitivity which 
is seen as a reaction. This happens most 
often in borderline patients on treatment. 
By contrast, the polar forms of leprosy are 
much more stable. A lepromatous or tuber- 
culoid patient is less likely to change his 
- classification to a group in some other part 
of the spectrum. However, this raises an 
important point. The majority of lepro- 
matous and tuberculoid patients are not 
completely polar, situated at the extreme ends 
of the spectrum; rather, they are sub-polar; 
their position being near one or other of the 
two ends. Clinically, they will appear lepro- 
matous or tuberculoid and this is what they 
are for most purposes. But, unlike the 
polar cases, they will be at some risk of moving 
across the spectrum with the possibility of 
hypersensitivity reaction, though the risk is 
much less than it is with mid-borderline 
patients. 


There is, therefore, good reason for saying 
that leprosy is a disease consisting of two main 
types, and that the intervening borderline 
forms are less important because they are 
unstable and so, less common. The trouble 
is that if one lumps the majority of patients 
into the two main types, which it is quite 
easy to do, then these types become mixed 
bags in which are included a number of 
patients who will disobey whatever rules may 
be prescribed. Sometimes a crude lumping 
together is enough. Sometimes it is confu- 
sing, or conceivably harmful to the patient. 


The Object and the Means of Classification 


It is the position of a patient in the spec- 
trum of leprosy that governs his response to 
treatment, his long term prognosis and risk 
of relapse, his liability to damaging nerve 
reactions or to erythema nodosum leprosum 
(ENL), and his infectivity. This, therefore, 
is the reason for and the object of classifica- 
tion. On this basis classification indicates 
prognosis. Most people are now agreed 
about this, but it has not always been so. 
It is only during the last 20 or 30 years that 
the idea of the spectrum has been fully 
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accepted. And before then there was no 
effective treatment. At the time of the Cairo 
conference in 1938 it seemed sensible to use 
classification to register the advance of the 
disease, which was regarded as being of two 
types.. Now that leprosy can be treated, and 
the response to treatment depends almost 
entirely on the position in the spectrum, it is 
sensible (and simpler) to make the spectrum 
the sole criterion of classification. But al- 
though this objective seems clear, the means 
of bringing it about is another matter. From 
what has been said, it would seem clear that 
the ideal means of classification would be a 
simple immunological test, a skin test for 
example. The lepromin test has its uses, 
but there is, as yet, no direct way of assessing 
the immune state of leprosy patients across 
the whole of the spectrum. The lymphocyte 
transformation test, which in any case is too 
complex for routine use, has been found to 
fluctuate too much during reactions. The 
most accurate available means at present is 
histology. The reason for this is that 
immunity in leprosy is mediated by inflam- 
matory cells, and these cells can be directly 
observed in a skin biopsy. Histology in turn, 
has been correlated with immunological trans- 
formation. The result has been very useful 
as a means of evaluating systems of classi- 
fication, and as a research procedure, and for 
classifying individual patients in selected cases. 
But as a routine for general use histology is 
not practicable. There remains the clinical 
picture, which is useful and has advantages 
of its own, and which can be correlated to 
some extent with histology though not com- 
pletely. It must be read in conjunction with 
the bacteriological findings and the lepromin 
test. This is not altogether satisfactory but 
it is the present position. 


The clinical and histological pictures are the 
means, not the object of classification. The 
means (clinical or histology) which, for con- 
venience, has to be regarded as primary 
should not be regarded as exclusive. Classi- 
fication may have to be made on limited evi- 
dence, but no evidence that has a bearing on 
the immune state of the patient should be 
ignored. The more the information available, 
the more accurate the classification. 


Signs that indicate the Immune State and 
Sings that do not 


If the object of classification is to assess 
the immune state by reference to clinical and 
histological appearances, one has to ask if 
immunity is the only factor that determines 


these appearances. If it is not, there must be 
some aspects of the clinical and histological 
pictures that have to be discounted from 
an assessment of classification. 


The clinical and histological pictures are 
brought about by inflammation caused by the 
leprosy bacillus, and the most important in- 
fluence on the nature of this inflammation is 
immunity. But there are three other factors 
that influence the picture, all of which are 
somewhat related to immunity though distinct 
from it. One is the activity of the infection at 
a particular moment, another is the degree of 
advancement of the disease, and the third is 
reactions. | 


(1) The infection is active when it is out of 


control and the disease is spreading. Acti- 


vity is seen as a more acute form of inflamma- 
tion and clinically it presents mainly as ery- 
thema of the lesions. Can this be taken to 
indicate a failure of immunity? Obviously 
all leprosy represents a failure of immunity. 
But lepromatous infections are quite beyond 
the control of the immune system and so 
indicate a further deterioration in the immune 
state. It only indicates lack of effective 
treatment. On the other hand in tuberculoid 
leprosy, which is not yet altogether out of 
control and which in early cases may be self- 
healing, activity indicates the failure of 
immunity to restrain the spread of disease. 
An active maculo-anaesthetic or TT lesion 
may still be classified as maculo-anaesthetic 
or TT because it will still respond to treatment 
like other patients in the same group. But 
the activity is a warning that immunity is 
losing its grip and that without treatment 
the immune state may eventually deteriorate. 
In tuberculoid leprosy and in early lesions 
activity modifies the progress and must be 
taken note of in classification. 


(2) Advancement of the disease is the 
usual outcome when an infection has been 
active for some time. Immunity directly 
affects the manner in which the disease spreads 
and this can be well observed clinically in a 
number of ways, e.g. the number and distri- 
bution of the lesions and the sharpness of their 
edges. But the extent to which lesions have 
developed (macule, infiltration or nodule) 
Carries a question mark over its interpretation 
in the same way as does activity. It may or 
may not be significant, and for the same 
reasons. Any type of leprosy may start with 
macules, but not all end up with nodules. 
Nodules exclude the tuberculoid type. But 
if leprosy is lepromatous the form of the 
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lesions merely indicates how far the disease 
has advanced. This may be of some im- 
portance but it is nothing to do with immunity, 
because any lepromatous infection will ad- 
vance if it is not treated. 


(3) Reactions cause acute inflammation 
and so they have to be distinguished from 
activity. They are the outcome of the 
immune state, not the cause of it. And so 
although the type of reaction depends partly 
on the classification of the patient the signs 
which indicate a reaction must be ignored 
when classifying a patient. 


The Meaning of the Histological Picture 


Granuloma. A section of a leprosy lesion 
may show solid clumps or accumulations of 
cells derived form the monocytes of the blood. 
These cells are phagocytic and ingest M. 
leprae. Having done so they are immobilised 
and form the clumps of cells known as granu- 
loma. A granuloma is present in every 
established lesion, and is the site where the 
most leprosy bacilli are found. The number 
of bacilli in a granuloma is related to immu- 
nity. The size of the granuloma is not so 
related. 


Macrophages and epithelioid cells. When 
monocytes ingest M. leprae they evolve 
either as macrophages when immunity is low, 
or as epithelioid cells when immunity is high 
or moderate. A granuloma, therefore, is 
composed of one or other of these two cell 
types, which can be identified. This imme- 
diately puts the patient in the upper or lower 
half of the spectrum. 


Inflammatory cells. Besides the granuloma 
there are usually a number of lymphocytes 
or plasma cells (and in ENL neutrophil poly- 
morphs). These are the inflammatory cells. 
In early lesions or macules, lymphocytes and 
plasma cells may be the only cells present, 
with no granuloma. This makes histological 
classification much more difficult. Lympho- 
cytes and plasma cells do not ingest M. leprae 
and so they are less useful in classification. 
However, some sorts of lymphocytes transmit 
immunity to macrophages which is important, 
while plasma cells produce humoral antibody 
which is of significance mainly in ENL. 
Plasma cells are scanty in tuberculoid leprosy. 
Lymphocytes are numerous in the lesions in 
some parts of the spectrum, and they are a 
sign which is favourable to the patient. 


Protected sites. If no granuloma is found 
in an early lesion after a thorough search, 
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the bacilli must be present somewhere else. 
When immunity is high and the bacilli have 
not yet established themselves they do not 
survive in those sites in which they multiply 
freely when immunity is low. Instead, they 
are to be found at certain ‘protected sites’, 
in which they appear not to be readily detected 
by the immune mechanism. This happens 
either in early leprosy or in established tuber- 
culoid leprosy. The most important pro- 
tected site is nerve, especially the Schwann 
cell, and the second most important site is the 
subepidermal zone of the skin. These two 
sites are the places to look for bacilli in early 
lesions or in tuberculoid infections. Being 
immunologically undetected they are able to 
multiply to the point at which they become 
detected. —Then, if immunity is high and 
hypersensitivity has developed there will be a 
violent cellular response. The bacillus is 
usually destroyed and so is the nerve. The 
nerve becomes swollen and the sub-epidermal 
zone is invaded by the infiltration and multi- 
plication of epithelioid cells. Thus a swollen 
nerve bundle or the absence of a clear sub- 
epidermal zone both mean the same thing, 
namely that there has been a hypersensitivity 
reaction to a bacillus and immunity must 
be high. On the other hand a relatively 
normal nerve or a clear sub-epidermal zone 
might mean, if bacilli are scanty, that no 
bacillus has happened to lodge in that posi- 
tion. This is not very useful. However, 
if bacilli are numerous a normal nerve or 
clear sub-epidermal zone means that the in- 
fection is lepromatous. 


Fig. B. Destruction of a protected’ site an 

bundle in the skin) when hypersanettitiy i tery 

high (TT) and a few bacilli have become detected 

Note the epithelioid cell granuloma with a necrotic, 

Caseous centre. Some of the giant cells here are 
typical of the Langhans variety. 
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Signs of hypersensitivity. We have already 
mentioned that epithelioid cells in nerve or 
sub-epidermal zone indicate hypersensitivity. 
An even more striking sign of severe hyper- 
sensitivity is the presence in a granuloma of 
numerous large giant cells of the Langhans 
variety. These cells have multiple nuclei 
around the periphery of ‘the giant cell, the 
centre of the cell being clear and solid with no 
vacuole. Another sign of maximum hy- 
persensitivity, not often seen, is a patch of 
fibrinoid necrosis in the collagen of the dermis, 
or of caseation in the centre of a nerve bundle 
(nerve abscess). In leprosy the sort of casea- 


tion that is common in tuberculosis occurs 
only in nerve bundles. 


Fig C. Preservation of a protected site (sub-epider- 
mal zone) when hypersensitivity is less then maxi- 
mum (TT). This might be because bacilli in the 
clear zone have not yet been detected, or because 
there are none there. Deeper down, nearer the 
blood vessels, bacilli grow more readily but they 
are easily etected. A granuloma has developed, 
The giant cells are too small for Langhans cells. 


I have described and illustrated the histology 
of leprosy more fully in a booklet, “Skin 
Biopsy in Leprosy”, produced by Docu- 
menta Geigy. 


The Meaning of the Clinical Picture 


When trying to interpret the clinical picture 
and correlate it with histology, it must be 
remembered that there is usually a delay of 
2 or 3 months before a pathological process 
seen in a biopsy makes its impression on the 
clinical picture. The clinical classification, 
therefore, in a patientin the unstable part of the 
spectrum may be in arrear of the histological 
classification. Apart from this, some lesions 
may retain their old appearence for months 
and years after the classification has changed, 
though new lesions will indicate the present 


situation. The mixed types of lesion are a 
clue to the history of the infection which is 
not seen by histology, and it is this that gave 
rise to the concept of dimorphous leprosy. 


Some clinical signs can be correlated with 
the pathological process that causes them, and 
be understood accordingly. Others such as 
the form and shape and size of lesions are 
often more difficult to explain or understand; 
but since these are the signs that first strike the 
eye they will be considered first. 


Fig D. Indeterminate leprosy. This solitary hypo- 
pigmented macule is certainly leprosy because there 


was in addition an enlarged nerve. This and the 

fairly sharp edge suggest it may be tuberculoid, but 

there was no anaesthesia. In is not, therefore, 
classifiable. (Photo, Dr. W.H. Jopling). 


Macules are flat, and distinguished only 
because their colour is different from that of 
the surrounding skin. In this type of lesion 
there is extremely little granuloma and not 
much cellular infiltrate, and so a macule is 
not palpable. Because a granuloma may not 
be found, histological classification of macules 
is often less helpful than the clinical picture. 
Even though a macule may persist for years 
the lesion is still “early’’ in that it has not fully 


developed or evolved. Such lesions may be 
found in any part of the spectrum. 


Plaques and all other skin lesions apart 
from macules are the clinical counterparts 
of lesions with a definite granuloma. The 
reason why they take the form that they do 
take is not always apparent. Plaques have a 
raised surface and they are found throughout 
the spectrum except at the extreme lepro- 
matous pole. In tuberculoid cases immunity 
restrains the heaping up of the lesion except 
at the active edge, so that the lesion is fairly 
flat with a broad depression at the centre. 
Descending the spectrum one finds first a 
heavily heaped-up rim (annular lesion) and 
then, in the middle of the spectrum, more 
profuse heaping up with only a punched out 
centre. 


Papules and nodules are found only towards 
the lepromatous end of the spectrum. In 
lepromatous patients they are full and rounded 
but in those who are somewhat borderline 
nodules may be dimpled. Infiltration is 
another form of lesion that is predominantly 
lepromatous. 


Erythema indicates acute inflammation due 
to activity or reaction. Because erythema is 
seen best in a pale skin or hypopigmented 
patch, and because macules are hypo- 
pigmented more often than nodules or in- 
filtrated areas, erythema is best seen in 
macules, though these are not necessarily 
the most active lesions. Untreated lepromas 
are always active. In untreated tuberculoid 
patients activity indicates some loss of immune 
control. 


Surface of the lesions. Tuberculoid plaques 
have a rough pebbly surface in many cases, 
though this does not apply to macules. A 
smooth, shiny and succulent surface indicates 
an unrestrained advance of the disease, which 
can only be lepromatous. 


Distribution and spread of lesions. The 
number and distribution of the lesions and the 
sharpness of their edges are some of the most 
valuable clinical signs employed in the classi- 
fication of leprosy. In lepromatous patients 
the infection is able to spread via the blood 
stream. The lesions, therefore, are many 
and they are almost exactly bilaterally sym- 
metrical. Their edges are vague owing to 
the uninhibited invasion of the surrounding 
tissue. In borderline patients blood dis- 
semination is partially restricted. In tuber- 
culoid leprosy immunity is strong enough to 
prevent blood stream spread except possibly 
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from nerve to nerve. Lesions, therefore, are 
few, asymmetrical and their edges are sharply 
demarcated. However, they may reach a 
large size in the course of time because, though 
they cannot leap, they can slowly grow. 


The sweat glands and 
hair follicles are downgrowths of the 
epidermis. Their destruction by the in- 
flammatory process in leprosy, resulting in a 
dry hairless skin lesion, has exactly the same 
significance as the invasion of the subepidermal 
zone and epidermis already described. But 
whereas a histological section often provides 
a better view of the epidermis than the glands 
and follicles, clinically one gets a very good 
impression when a skin lesion is dry and hair- 
less. This only occurs near the tuberculoid 
end of the spectrum, and is a very useful 
clinical sign. 


Dry, hairless skin. 


Anaesthesia of skin lesions or partial loss 
of sensation obviously indicates destruction of 
nerve and is a very important feature of tuber- 
culoid leprosy, in which anaesthesia may be 
complete even in the early stage. Muscle 
weakness has the same significance. These 
signs may occur in more lepromatous lesions 
if the disease has evolved (downgraded) from 
the tuberculoid form, and then loss of sensa- 
tion is only partial. In late lepromatous 
disease there may be some degree of anaes- 
thesia or analgesia and some weakness due 
to fibrosis of nerves. Where innervation is 
very rich, as on the face, anaesthesia of lesions 
is not so complete as it would be in areas 
where there is less overlap of the nerve supply. 


Enlargement of nerves seen clinically is usu- 
ally due to swelling with epithelioid cells. 


The swelling is greatest in tuberculoid leprosy, 


in which a swollen peripheral nerve may even 
be visible, and gets less as one descends 
through the borderline region of the spectrum. 
The fibrosis of late lepromatous leprosy 
produces only a slight swelling. But whereas 
the swelling of individual nerves diminishes 
in a gradient from tuberculoid to lepromatous, 
the number of the affected nerves increases 
correspondingly. Reactivity is less, freedom 
of spread is greater. Thus nerve enlargement 
is in line with skin involvement. Both are 
generally larger but fewer near the tuberculoid 


pole, smaller but more numerous towards the 
lepromatous end. 


Polyneuritic leprosy. Khanolkar taught that 
all leprosy was neural in its inception. 
Equally, sooner or later all leprosy “breaks- 
out” from nerve into skin once the leprosy 
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bacillus has established itself in the body and 
is able to multiply in non-protected sites. 
But the stage in the disease at which the bre2k- 
out occurs is variable and some patients go 
through a period of nerve involvement with 
no perceptible skin lesions. In tuberculoid 
leprosy this is understandable. But multiple 
nerve involvement without skin lesions poses 
a paradox, since a preference for nerves is a 
tuberculoid feature, while involvement of 
many nerves is a non-tuberculoid feature. 
The explanation is that the polyneuritic patient 
has to some extent evolved from tuberculoid 
to borderline or near leproma before the 
the break-out into skin has taken place. 
Why should this be? We do not really know 
but we can surmise that it is partly a matter 
of chance, once dissemination of bacilli via 
the blood stream becomes possible, whether 
the secondary site is in skin or another nerve. 
Perhaps more important, nerve is not the only 
protected site. If bacilli find their way to the 
epidermal region in the early stage of the 
disease, and multiply there before they are 
immunologically detected, a skin lesion is 
certain to follow. If bacilli do not gain 
access to the epidermal region the infection is 
more likely to go through a neuritic phase. 
Thus the occurrence of the neuritic phase may 
well depend also on the route by which the 
infection is transmitted from person to person 
as well as the route of dissemination within the 
body. Polyneuritic leprosy is never com- 
pletely lepromatous. But it can be classified 
within the tuberculoid and borderline parts 
of the spectrum in the same way as 
leprosy with mixed nerve and skin lesions. 


Facial involvement. Advanced lesions of 
the face and nose only occur in true lepro- 
matous leprosy. The signs include the leonine 
face with deep lines on the forehead, thickening 
of nose and ears, thinning or loss of eyebrows 
and eyelashes, keratitis and iritis, loss of incisor 


~ teeth, saddle nose deformity, and in active 


cases, a heavy load of bacilli in the nasal 
mucosa. Testicular atrophy is another sign 
of a fully developed lepromatous infection. 


Indeterminate or Classifiable? 


Most of what we have said so far is 
concerned with leprosy that has progressed 
and evolved far enough to become classifi- 
able. Obviously, however, there must be an 
early phase when the disease is recognisable 
as leprosy but is not yet classifiable with any 
confidence. The clinical and _ histological 
pictures, together or singly, have not yet 


acquired sufficient detail to be distinctive. 
This is indeterminate leprosy. It cannot be 
defined except to say that there are one or 
several macules but that the evidence necessary 
for proper classification is vague or lacking. 
Even so, if the patient was lepromin positive 
it would be safe to say that he was non- 
lepromatous, and if some bacilli were found 
that he was non-tuberculoid. The important 
point is to realize that the indeterminate 
group (or better, non-group) is not part of the 
spectrum. 


Indeterminate leprosy is often in the course 
of evolving. On the other hand it may 
persist for a long time without change or it 
may heal spontaneously. Much as one would 
like to know the outcome there is nothing one 
can do except to examine patients so care- 
fully that as many as possible are classified 
within the spectrum. The form from which 
indeterminate has to be distinguished most 
commonly is maculo-anaesthetic leprosy; 
but before discussing this it is better to look 
at the systems of classification now in use. 


Systems of Classification 


There are four systems of classification in 
common use at present. All recognise the 
indeterminate group. They divide the spec- 
trum into 2 groups (lepromatous and non- 
lepromatous), 3 groups plus sub-groups 
(Madrid classification) or 5 groups (Indian 
classification and the Ridley-Jopling system). 
The Ridley-Jopling classification will be des- 
cribed first as it gives the best correlation 
with immunity. Apart from indeterminate, 
the spectrum, which of course is continuous, 
is divided for convenience into 5 more or 
less equally spaced groups: TT (polar tuber- 
culoid), BT (borderline tuberculoid), BB 
(mid-spectrum borderline) BL (borderline 
lepromatous) and LL (lepromatous). For 
a full account and illustrations it is best to 
consult the paper in the International Journal 
of Leprosy of 1966, but the clinical side of the 
classification can be summarized well enough 
in a Table which is based on the work of 
Dr. W. H. Jopling, to whom also I am grate- 
fully indebted for kindly supplying all the clini- 
cal illustrations in this chapter. Confirmation 
or correlation by histology is needed for 
research, but that need not concern us here. 


Other systems of classification are simpler 
in some ways than the Ridley-Jopling scale, 
and it would be an advantage if they could 
be correlated with it. The problem is that 


they are simpler in the main because they 
rely largely on clinical signs which are chosen 
because they are easy to observe, not because 
they correlate well with immunity; in parti- 
cular these are the flatness or elevation of the 
lesions, which correlate mainly with the 
progression of the disease and increase of the 
granuloma. The correlation of alternative 
systems therefore, is imprecise. 


™ 


Fig. E. A solitary anaesthetic lesion with central | 
flattenjng and a sharp edge. Classification TT. 
(Photo, Dr. W.H. Jopling). 


The diagram indicates the usual correla- 
tions between the four systems, common and 
less common that would obtain in the majority 
of cases. The correlation between the Madrid 
and Indian classification presents no problem. 
The correlation of these with the Ridley- 
Jopling scale is moderately sucessful. On 
occasion there could be more glaring dis- 
crepancies; much depends on the skill of the 
clinician. 
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Fig F. This solitary, anaesthetic lesion with a 

visibly enlarged nerve in many ways looks like TT. 

But there is no central flattening. Classification BT. 
(Photo, Dr. W.H. Jopling). 


Fig G. There are punchcd out lesions on the thigh 

with sharp inner and outer edges. Also an annular 

lesion on the elbow. Classification BT. (Photo, 
Dr. W.H. Jopling). 
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Fig. I. These lesions are both numerous and 
symmetrical. But they are altogether too large to 
be LL. Classification BL. 

(Photo, Dr. W.H. Jopling). 


Fig H. Punched out lesions. Here the inner edges 
are sharp but the outer are much less sharp. 
Classification BB, (Photo, Dr. W.H. Jopling). 
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F’g J. Numerous, symmetrical, rounded papules 
and nodules. Classification LL. 
(Photo, Dr. W.H. Jopling). 


Maculo-anaesthetic and Tuberculoid leprosy 


Tuberculoid leprosy presents a_ special 
problem in classification because, whereas it 
cannot be classified until it is developed, 
the more tuberculoid it is the less likely it is to 
develop. The term tuberculoid was originally 
derived from the histological form of the 
developed lesion. Indian leprologists were 
the first to insist, quite rightly, that some 
macular lesions could be indentified as of the 
high immune (tuberculoid) type, and so distin- 
guished from indeterminate, even though the 
lesions were not elevated and might not have 
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a tuberculoid histology. These, of course, 
are “earlier” than fully developed lesions, 
and they may never develop. The likelihood 
is that they may be somewhat nearer the tuber- 
culoid pole than the lesions that develop 
into plaques, though this is not necessarily 
the case because one does not know what the 
future evolution of a particular lesion might 
be. All one can say is that these maculo- 
anaesthetic lesions fall within the TT-BT 
region of the spectrum, and it seems likely 
that a majority are closer to TT than BT 
even though this may be difficult to confirm. 
However, the points of differentiation between 
TT and BT can be applied to maculo-anaes- 
thetic lesions in the same way as to any other 
sort. If there is a point of confusion it is 
perhaps that immunity which is weak enough 
in some cases to allow some dissemination of 
lesions may nevertheless be adequate to induce 
self-healing. There are two possible explana- 
tions. One is that the disease is transmitted 


Fig K. The numerous papules were symmetrical, 
though this cannot be seen in the photograph. This 
is LL. But the larger lesion on the cheek was not 
symmetrical. It is an old borderline lesion which 
indicates that the LL is of the secondary or sub- 
polar typc. (Photo. Dr. W.H. Jopling). 


‘The relationships between the systems of classification 
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via a mucous membrane to the blood stream 
in some cases, and dissemination therefore, 
occurs at the inception of the disease. The 
other is that a build-up of immunity takes 
place after the infection has become disse- 
minated. 


Tuberculoid lesions that have fully evolved 
to the granulomatous stage, clinically elevated, 
are more likely to be BT than TT. Very 
few cases of the type originally described as 
TT, other than the macular variety, have 
ever been found. The majority of histologi- 
cally TT lesions are those that have upgraded 
from BT in a hypersensitivity reaction. These 
remain clinically BT because their old lesions 
persist much longer clinically than they do 
histologically. Thus one would speak of 
primary and secondary TT. Similarly there 
is a primary and secondary form of LL. 
The secondary form, those that have down- 
graded from borderline, are not absolutely 
in the same polar position as the primary LL 
cases, though for ordinary purposes it is 
convenient to include them in the same group. 


Conclusion: Which Classification? 


Classification first and foremost is a means 
of communication. Obviously it would be a 
big advantage if there were only one system 
which was understood by all who have to 
treat leprosy patients or are professionally 
concerned with leprosy. Amongst other 
advantages this would make it easier to 
transmit the results of research to people 
in the field who would probably be the chief 
beneficiaries. The problem is that research 
workers require the relative exactness of the 
Ridley-Jopling scale. Those involved in the 
problems of field work require something 
simple, and it is unlikely that it will ever be 
possible to evolve a single system which is 
satisfactory for both purposes. Nevertheless 
we might hope that it would be possible to 
obtain a better correlation than exists at pre- 
sent. One might also ask whether the demand 
for simplicity is not sometimes due to a fear 
of: making mistakes with two particular 
groups: indeterminate and borderline. One 
of these is not yet fully evolved, the other 
is evolved but unstable. Both are in a state 
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of change. Minor mistakes with classifica- 
tion are inevitable, partly because the spectrum 
is continuous, not a series of steps; partly 
because a patient’s classification may change; 
and partly because for exactness histology 
would be necessary but is usually unavailable. 
Would it not be better to accept the risk of 
error (within limits) in the classification of the 
less stable patients than to insist on a system 
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which though apparently fool-proof, creates 
problems by its lack of clarity, e.g. lepro- 
matous-non-lepromatous? Until there is 
better agreement about the way ahead it is 
useful that there is a good correlation between 
the Madrid and Indian classifications. Each 
of these presents a workable compromise 
which could perhaps be improved upon by 
minor modifications. 


THE DIAGNOSIS OF LEPROSY 


S G BROWNE 


Much has been made of the difficulties of 
diagnosing leprosy, mainly because of the 
extremely varied clinical picture presented, 
but in reality the vast majority of cases can 
be accurately diagnosed, and accurately classi- 
fied, on clinical grounds alone. All that 
is needed is—two good observant eyes, a 
piece of cotton wool (or feather, or leaf) 
for testing for sensory loss, plus an accumu- 
lated picture memory, a sort of atlas of co- 
loured transparencies, in the occipital cortex. 
Where leprosy is a rare disease, it is fre- 
quently not diagnosed simply because it is 
not thought of or suspected; where it is 
common, it may be overdiagnosed because 
the leprosy doctor or paramedical worker is 
insufficiently acquainted with non-leprous 
diseases of the skin. 


Our advice would therefore be— 


1. Think of leprosy 


First, think of leprosy when taking a clinical 
history, which of course should include a 
family history and a geographical history 
(“Where have you been, and when?’’). 
Think of leprosy when. the history discloses 
some transient or persistent localized distur- 
bance of sensation, some area of numbness, 
or of “pins and needles’. 


Think of leprosy when confronted by a skin 
lesion that doesn’t quite conform to a well- 
known and well-recognized skin disease 
common in the locality, or a chronic condi- 
tion that does not itch, and that does not res- 
pond to antifungal applications; furthermore, 
if the lesion is characterized by some loss 
of pigment, especially if the area of pigment 
loss corresponds to the area of sensory im- 
pairment, then leprosy is the likeliest diag- 
nosis. 


In parts of India, it is not uncommon for 
leprosy to install itself without any obvious 
changes in the skin, but the bacilli invade 


certain peripheral nerve trunks or smaller 
nerves and cause damage to fibres subserving 
motor and/or sensory functions. So-think 
of leprosy whenever confronted by signs of 
damage to peripheral nerve trunks for which 
there is no other obvious explanation. The 
commonest nerve affected is the ulnar, but 
almost any mixed peripheral nerve may show 
damage. The evidence of this damage is to 
be found (as would be expected) in the area 
of distribution of the nerve, that is the 
muscles supplied and the skin innervated, 
and also in the nerve trunk itself. At certain 
sites of predilection, such as just above the 
elbow, or around the head of the fibula, 
the nerve trunk is tender on palpation, and 
may be enlarged and harder than normal. 


Signs of nerve involvement, of course, may 
follow the skin manifestations of any kind 
of established leprosy, but the diagnosis is 
then suggested by the skin lesions them- 
selves and confirmed by the presence of the 
typical signs of nerve damage. 


A word of warning is not amiss: far too 
often leprosy remains undiagnosed because 
the patient or the paramedical worker or the 
doctor cannot find obvious signs of nerve 
damage. This is really inexcusable. 
Another word of warning: every tender nerve 
trunk is not leprous; superficial nerves may be 
palpable in the thin, spare Indian, and cons- 
tant friction may result in tenderness and 
perhaps enlargement. 


2. Know the common presentations of leprosy 


The skin lesions of leprosy may present a 
bewildering variety of macules, papules, no- 
dules, plaques, bizarre circinnate lesions, 
different combinations of hypochromia, dys- 
chromia and _ hyperpigmentation, diverse 
disturbances of sweating and hair growth, etc. 
There is no easy way, except a long appren- 
ticeship, to gain this knowledge. Whole 
population surveys in areas of high prevalence, 
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contact examination, careful clinical followup 
of all patients under treatment, attendance 
at a Skin Clinic to learn the diagnostic fea- 
tures of the dermatoses locally common— 
all this would provide a sound basis. 


A good light is as necessary as a good 
teacher, for some early lesions are discernible 
with difficulty and only in good oblique light. 
Close observation of the skin surface, pre- 
ferably with a magnifying loupe, will disclose 
details of disturbance of pigment and sweating, 
broken or lost hairs, alteration of the appe- 
arance of the epidermis, and evidence of 
scarring in the dermis. 


As far as possible, when building up a 
body of knowledge necessary to. the 
diagnosis of leprosy, the novice (doctor or 
nurse or paramedical worker) should appre- 
ciate the pathological basis for diagnosis 
and classification. Today this means essen- 
tially some acquaintance with the rudiments of 
microbiology, histopathology and immu- 
nology—sufficient to understand the processes 
that produce the manifestations that form 
the “‘grist to the mill” of diagnosis. 


The patient may present with one or other 
of the classical manifestations of leprosy in 
a readily classifiable form—indeterminate, 
tuberculoid, borderline or lepromatous— 
or may be hiding his real fears and signs in 
skin or nerves, and complain of some un- 
related condition. Or he may produce some 
unusual sign that is worrying him—such as, 
impairment of vision, epistaxis, painless burn 
or wound, chronic ulcer of the foot, loss of 
upper incisor teeth, stuffiness of the nose— 
the list is well-nigh endless. 


Know the various disguises under which 
leprosy may masquerade, and its commoner 
presentations, confirm your clinical suspi- 
cion with appropriate tests and investigations 
—and you will correctly diagnose the vast 
majority of patients with leprosy. 


3. Learn about the conditions that frequently 
mimic leprosy 


_ Leprosy vies with syphilis as the great 
imitator. Many cases of leprosy are missed, 
perhaps for years, and perhaps by skin specia- 
lists, because leprosy looks like some other 
disease. The more you know about other 
diseases of the skin and the peripheral nerves 
particularly, the fewer diagnostic errors you 
will make—in the sense of diagnosing leprosy 
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when it is something else, and of diagnosing 
something else when it is really leprosy. 


There are skin conditions that occur at 
certain seasons, or when climatic conditions 
(sun, dryness of the atmosphere, humidity, 
wind, etc.) are propitious. Other changes in 
the skin follow dietary deficiencies. Many 
congenital or acquired disturbances in skin 
pigmentation should be recognized. Other 
causes of depigmentation, due to fungal in- 
fection, the treponematoses, and parasitic 
infections like onchocerciasis, may be far 
commoner in certain areas than the typical 
hypopigmented lesions of leprosy. 


Periodic attendance at a good skin clinic 
will alert the unwary to the many pitfalls in 
the differential diagnosis of leprosy; and atten- 
dance at a general orthopaedic clinic or a 
neurological clinic will reveal many of the 
other conditions that may result in the changes 
due to motor and sensory deficit that leprosy 
workers see in their patients. Diabetic neuro- 
pathy, peripheral vascular disease, tabes 
dorsalis—and many other toxic, infective or 
degenerative conditions may result in clinical 
pictures closely resembling those found in 
patients suffering from leprosy. 


4. Look for the cardinal, positive signs of 
leprosy 


a. Clinical - 


These are primarily clinical, and concern 
the typical characteristic appearance of lesions 
of the skin and nerves. In these days of 
sophisticated laboratory investigations, it is 
reassuring to know that leprosy can usually 
be diagnosed with confidence by a well-trained 
clinician. 

If, in addition to the appearance of the 
typical skin lesions, there is sensory distur- 
bance within the area of altered appearance, 
the suspicion of leprosy is confirmed. If 
one or other peripheral nerve trunk—in rela- 
tion or not to the skin lesion—shows typical 
deviations from the normal, leprosy is even 
more likely. 


b. Microbiological 


The presence of acid-alcohol fast bacilli 
of typical morphology and typical distribution 
in smears of the dermis, or nasal mucus 
(or mucosa) taken by a trained technician 
according to a standardized technique, and 
fixed and stained and read competently, is 
diagnostic of leprosy. 


c. Histopathological 


If such bacilli are not found at the sites indi- 
cated, the diagnosis of leprosy is by no means 
excluded, for they cannot be found by such 
techniques in the great majority of patients 
suffering from indeterminate or tuberculoid 
leprosy. It is in these cases that histopatho- 
logy may help. In the case of indeterminate 
leprosy, the histopathological picture may be 
suggestive; and if time permits (and that 
means several hours available for detailed 
examination of serial sections), acid-alcohol- 
fast bacilli, whole or fragmented, can usually 
be found, most often in ncural tissue in the 
dermis. In tuberculoid leprosy, the micro- 
scopical picture is typical, and frequently 
diagnostic. In early lepromatous leprosy, 
a delimited area may often be revealed in 
which bacilli (perhaps in globi) are found. 
The concentration may be insufficient for their 
detection by the haphazard methods of skin 
smearing. 


d. Immunological 


The lepromin test is very rarely of any 
diagnostic help; perhaps in the case of a 
patient with a skin lesion resembling tuber- 
culoid leprosy whose lepromin reaction hap- 
pens to be negative—the test will exclude 
leprosy and open the diagnostic field to such 
conditions as tinea marginata. 


With these four points in mind, the clinician 
may confidently approach the dangerous and 
difficult area, bestrewn with pitfalls innume- 
rable and with deceptive hazards, of the 
diagnosis of leprosy. 


Diagnosis of early lesions 


As more and more areas in India are be- 
coming leprosy-conscious with the work of 
SET programmes and diagnostic teams, it 
is to be hoped that once the backlog of estab- 

lished and longstanding leprosy has been 
recorded and dealt with, successive surveys 
and contact examinations will disclose many 
cases of leprosy at the earliest clinically detect- 
able stages. 


Before that stage is reached, however, and 
whenever prevalence rates exceed 1 per 
1,000, it must be assumed that the great 
majority of people have been exposed to 
leprosy infection. Most of them will have 
been exposed to viable leprosy bacilli in in- 
adequate numbers or for too short a time for 


infection to have occurred. Another group 
comprises subjects who have been exposed 
for long periods to massive concentrations 
of leprosy bacilli; these would include 
members of families where there is a case of 
multibacillary leprosy not under treatment, 
and medical staff in daily contact with leprosy 
patients. Most of these exposed persons will 
have contracted subclinical forms of leprosy— 
with no signs or symptoms, but tell-tale 
changes in the lymphocytes. Obviously, 
there are no grounds for the diagnosis of 
leprosy in these close contacts, no need for 
treatment, and little possibility of clinically 
diagnosable leprosy supervening. 


In addition to the above groups of persons 
exposed to leprosy infection, but not succum- 
bing to it, there are others whose natural 
defences (that is, lymphocytes specially con- 
cerned with defending the body against certain 
types of micro-organisms) are not sufficient 
absolutely to prevent the multiplication and 
spread of the leprosy germs in the tissues. 
As yet, there is nothing in the appearance 
of the skin to suggest that all is not well; in 
fact, the individual looks well, and feels well. 
But he is in the incubation period of leprosy. 
This period may be long, or not so long; 
it is commonly three to five years; it may 
be somewhat shorter, or it may possibly 
be much longer. The old books that 
referred to “‘premonitory signs’ were attri- 
buting to leprosy such common and non- 
specific symptoms as diarrhoea and head- 
ache, bouts of fever and such like. The 
only way of discovering if, among the people 
exposed repeatedly to leprosy infection 
(usually in the household), there are those 
who will probably develop recognizable signs 
of the disease within a few years, is to examine 
skin scrapes (from the dermis) and, by con- 
centration techniques, demonstrate typical 
leprosy bacilli. From the apparently normal 
skin, then, such as the ear-lobes or anywhere 
else, it is possible in these individuals to 
find living multiplying leprosy bacilli. A 
suspension of these bacilli can be made, 
and the suspension injected into the footpads 
of mice to confirm the suspicion that they 
are indeed leprosy bacilli. Of course, it is 
not possible to do this examination routinely, 
in case-finding campaigns, but these results 
of research should remind us that the leprosy 
germs do enter the body of people in contact 
with sufferers from certain kinds of leprosy, 
untreated. And if the cellular defence of 
these contacts is not adequate, they will sooner 
or later succumb to leprosy infection. For- 
tunately, the great majority of people have 
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some degree of defence, and do not catch 
leprosy. 


The next group includes all those with early 
leprosy lesions that will resolve completely 
and spontaneously, without treatment. The 
frequency of this form of leprosy may remain 
completely unsuspected—until whole-popula- 
tion surveys are done at frequent intervals. 
Then, many people are found to have one or 
a very few areas of slightly hypopigmented 
skin, ill-defined, difficult to see (except in a 
good light). These lesions do not irritate. 
There. are usually no_ disturbances of 
sensation or of sweating. Leprosy bacilli 
are not found by standard methods of 
examination (slit-smear or histological), 
but they are present, very scanty, and con- 
fined to neural tissue in areas showing patchy 
(focalized) round cell infiltration. Most 
of these lesions disappear completely—with- 
out treatment—in a few months to a year 
or two. Some of them, however, develop 
the specific clinical features of a ‘“‘determined’”’ 
type of leprosy, tuberculoid, borderline or 
lepromatous, with the distinctive corres- 
ponding histopathological features. 


If the border of the lesion becomes well- 
defined and papular, and pigment loss be- 
comes more marked, then the specific accom- 
paniments of sensory diminution within the 
area (preceded sometimes by recurrent or 
persistent paraesthesiae) indicate that cell- 
mediated immunity to leprosy infection will 
overcome the localized infection. 


If, on the other hand, bacilli appear in the 
lesion (sometimes apparently suddenly), and 
similar ill-defined slightly hypopigmented 
lesions appear in the skin on other parts of 
the body, then the diagnosis is no longer 
“indeterminate” leprosy, but one of the 
“determinate” multibacillary types, that is 
borderline or lepromatous. And soon the 
distinctive clinical features of one or other of 


these two kinds of leprosy will become appa- 
rent. 


There are some groups of people in whom 
special difficulty arises in the diagnosis of 


leprosy. These are particularly encountered 
in the following situations: 


1. In the course of initial surveys in an 
area where hitherto no leprosy control 
programme has been in operation; 


2. When fellow-villagers see the results of 
leprosy treatment. It is a common 
experience that when a leprosy treat- 
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ment is working well, with competent, 
enthusiastic and sympathetic staff, 
many leprosy sufferers come out of 
hiding and show themselves. 


3. In the course of attempts to trace the 
source of the infection in registered 
patients. The “diagnosis” of every case 
of leprosy should be regarded as in- 
complete until a real attempt has been 
made to answer the following questions: 
From whom did this patient catch the 
disease? and, To whom may he already 
have given it? Although half the 
patients may have no idea of the source 
of their infection, in villages where 
prevalence rates are over one per thou- 
sand, everybody must be regarded as 
having been exposed to the bacillus- 
some more, and some less. 


In these three groups of people, then, 
there may be examples of inactive leprosy: 
they fall into two categories: 


1. Residual lesions. These lesions are 
quiescent and inactive; they contain no 
leprosy bacilli (on standard methods of 
examination); and the patients do not 
need treatment. They should be noted, 
and if possible described .and charted, 
for they provide valuable clues about 
the past prevalence of leprosy in the vil- 
lage. The best way to learn how to 
recognize these lesions is to follow 
through, over a number of years, the 
natural history of the skin lesions of 
the various types of leprosy and then to 
observe the residual dermal scars in- 
dicative of previous infection. Here 
are some of the signs in the skin: 


i. Some area or areas of persistent loss of 
pigment. The repigmentation of the 
earlier lesions may be patchy, or may 
be more marked in the centre than at 
the periphery. The loss of pigment may 
be accompanied by any degree of scar- 
ring: its thickness will depend upon 
the amount of dermis involved in the 
original leprous granuloma. 


ii. Scattered groups of pinkish papules 
marking the persistent border of the 
lesion, or part of it, the rest having 
completely disappeared. Sometimes 
the area within these papules will pro- 
vide unmistakeable evidence of the 
previous existence of a_ tuberculoid 
lesion. 


iii. An area of normally pigmented skin 
(that is, of repigmented skin), in which 
there is some fine linear wrinkling or 
puckering. If the latter is not imme- 
diately evident to the eye, it may be 
demonstrated by picking up a fold 
of skin between thumb and forefinger, 
or by pushing the skin laterally with the 
forefinger against resistance. 


iv. Rather ill-defined areas of skin in which 
the surface is duller than that of the 
surrounding normal skin. Within these 
areas, there may be almost any degree 
of impairment of sweating, hair growth 
and sensation. Misreference of tactile 
stimuli may persist within this area and 
in the halo surrounding it. All these 
persisting changes point to a former 
tuberculoid lesion now quiescent. 


v. Neurological deficit in the skin on the 
opposite side of the body, in the skin 
of the exact mirror image of the area 
when the changes enumerated in the 
previous paragraph have been noted. 
In some patients, the sensory loss in the 
apparently normal skin is greater than 
that in the area known to have been the 
previous seat of a tuberculoid lesion. 


2. The other category of lesions often 
encountered in an initial leprosy survey com- 
prises those patients with evidence of long- 
standing damage to the peripheral nerves. 
Although the skin lesions may have largely 
disappeared, there often remains enough 
scarring or hypopigmentation, or both, to 
suggest the identification of the form of 
leprosy. Very rarely—and in India more than 
in other countries—the trouble may be of 
persistent primary polyneuritic leprosy, in 
which there are no skin lesions, past or pre- 
sent .. or future. In this case, only nerve 
biopsy will clinch the diagnosis. 


The evidence of damage to the peripheral 
nerves lies in the ulceration of the extremities 
—which is mainly the result of repeated trau- 
mata to insensitive parts; in all degrees 
of deformity and mutilation, depending on the 
actual nerve fibres damaged or destroyed; 
and perhaps blindness due to the sad chain of 
events that follows perforating ulcer of the 
cornea, itself the result of exposure keratitis 
that is the result of lagophthalmos. 


While damage to the peripheral nerves is 
often symmetrical and late in lepromatous 
leprosy, it may be confined to a single main 
nerve trunk in tuberculoid leprosy. More- 
over, while motor and sensory loss frequently 


occur to the same degree 1n the area of distri- 
bution of a main peripheral nerve, if the 
intraneural fibrosis is selective and partial, 
the result may be considerable differences 
in the extent of motor and sensory deficit. 


In the great majority of such patients, 
sufficient evidence remains in the skin to 
permit of a diagnosis and classification being 
made. In India, but not apparently in Africa, 
leprosy may sometimes be and remain a purely 
neural disease; in fact, up to a sixth of newly 
diagnosed patients are said to have no 
evidence of skin disturbance, but suffer from 
typical damage to one or more peripheral 
nerves. Many of these patients, if examined 
thoroughly by a knowledgeable doctor or 
paramedical worker, will disclose residual 
signs in the skin. But there does remain a 
definite group of “‘primary persistent poly- 
neuritic” leprosy. The distribution of the 
sensory and motor signs fits in with damage 
indubitably caused by leprosy. There are 
two ways to clinch the diagnosis, neither of 
them easily available: the first is to measure 
the nerve conduction velocity (which is 
typically impaired in leprous neuritis), and 
the second is to remove a little sliver of a 
cutaneous sensory nerve, and to cut sections 
of it and stain them appropriately. The 
typical histopathological picture will not only 
reveal the leprous origin of the damage, but 
will suggest the type of leprosy concerned. 


With these facts in mind, and with clinical 
practice, the doctor or paramedical worker 
may with reasonable confidence approach the 
diagnosis of leprosy. He is wide awake, 
observant and suspicious, and he looks for 
the positive, cardinal signs of the mani- 
festations of leprosy— 


the typical picture in the skin; 


the presence of acid-alcohol-fast bacilli in 
the skin or nasal mucosa; 


the presence of signs of nerve damage in 
the area. of skin affected, and perhaps in 
the corresponding nerve trunk; 


the presence of the typical histopathological 
picture of cellular infiltration, and perhaps 
of leprosy bacilli in nerve tissue or in foamy 
cells; 


the results of the lepromin test, which con- 
firm the classification already arrived at 
on clinical grounds. 


The diagnosis of leprosy will lose much of 
its mystery, and much of its terrors for the 
medical novice, if attention is paid to the 
simple advice given in this chapter. 
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REACTIONS IN LEPROSY 


M. F. R. WATERS 


Leprosy is a remarkably chronic and sub- 
dued infection. Even when leprosy bacilli 
are actively multiplying, their host the leprosy 
patient, rarely shows any significant evidence 
of inflammation, nor does he usually suffer 
from pain, fever or other systemic manifesta- 
tions. Nevertheless, during the otherwise 
chronic course of the disease, acute or sub- 
acute episodes of inflammation commonly 
occur, which are the direct result of infection 
with Mycobacterium leprae, and which are not 
due to secondary infection or to trauma to 
anaesthetic areas. These episodes are tradi- 
tionally known as “Reactions”. Several 
different types of reaction are recognised, 
most of which have an immunological basis. 
However, as their mechanisms have only 
recently been, or are still in process of being, 
discovered, it is understandable that an inter- 
nationally agreed terminology has not yet 
_ been developed. The names given here are 

those widely used in South and South-East 
Asia. In this region, the great majority of 
reactions fall into one or other of two main 
groups, and these will be described first. 


1. Erythema Nodesum Leprosum (Lepro- 
matous Lepra Reaction). 


The name “‘Erythema Nodosum Leprosum”™ 
(ENL), given by the Japanese, Dr. Murata, 
in 1912, is used in most parts of Asia, and 
describes the commonest manifestation of the 
reaction. The alternative name, preferred in 
Central and South America, emphasises that 
ENL occurs only at the bacilliferous end of 
the leprosy spectrum, in lepromatous (LL), 
including both polar (LLP), subpolar lepro- 
matous (LLs), and in small numbers of border- 
line-lepromatous (BL) patients. Although 
well recognised before the introduction of 
sulphone treatment, it is particularly common 
in treated lepromatous leprosy, more than 
50 per cent of such patients developing ENL 
by the end of the first year of treatment. If 
LL patients are followed closely until they 
become smear negative, then an even higher 
proportion will be found to have suffered 
from at least one episode of ENL. 
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The reaction usually consists of the erup- 
tion of crops of painful, tender papules, which 
develop in the course of a few hours, change 
from bright red to purple over two or three 
days, and which subside over the next one to 
three weeks, leaving (in light-skinned patients) 
some residual dark discolouration of the skin, 
resembling bruising, which only slowly fades. 
The papules are particularly common along 
the extensor surfaces of the arms and thi 
and on the back and the face, although they 
may occur almost anywhere save on the 
hairy scalp. In dark-skinned patients, the 
papules may be more easily felt than seen, by 
running one’s fingers down the back of the 
arms and along the front of the thighs. The 
papules are commonly about one to two centi- 
metres in diameter and extend downwards to 
the deeper layers of the dermis, but some 
patients have very small, superficial papules, 
and others very big papules, perhaps three to 
four centimetres in diameter, which extend 
downwards into the subcutaneous fat ; occa- 
sionally papules may coalesce to form sheets 
or plaques of inflamed, tender skin. 


Some patients may develop no more than a 
small number of papules, unassociated with 
any systemic upset, throughout the whole 
course of their treatment for lepromatous 
leprosy. Others may suffer from repeated 
widespread crops which continue to appear 
over months or years. associated almost 
daily with high fever (although the tempera- 
ture may be normal or subnormal on waking), 
general malaise and headache, loss of weight, 
moderate anaemia, and severe aching in the 
limbs, either in muscle, bone or joints. In 
these severe cases, the ENL papules may 
develop into sterile pustules, or else form 
scabs and superficial infarcts of the skin ; in 
either case the lesions evolve into small but 
deep ulcers which on healing often leave 
characteristic irregular linear scars. If inade- 
quately treated, and especially if their fever 
remains uncontrolled, such patients with 
severe ENL suffer from gross prostration and 
weakness, and a few may develop acute 
vasomotor collapse, and die. It is particularly 


worth noting, that should a female patient 
suffering from ENL become pregnant, then 
she may develop an acute relapse of her 
reaction about a week after delivery. 


Although the ENL papules are the 
commonest manifestation of the reaction, 
many other systems of the body may be 
involved, chiefly at those sites which harbour 
leprosy bacilli: Painful, tender, increased 
thickening of one or more of the nerves of 
predilection, especially of the ulnar, median 
or lateral popliteal nerves—ENL neuritis— 
may occur, and its course is usually much 
more protracted than that of a crop of ENL 
papules. If the neuritis is not energetically 
treated, increasing muscle weakness, or com- 
plete foot drop, may develop; therefore nerve 
function should be carefully monitored when- 
ever possible by serial voluntary muscle testing 
(VMTs). Episodes of skin ENL are often 
associated with enlargement of the lymph 
nodes (lymphadenopathy): sometimes the 
enlarged nodes are painless, sometimes pain- 
ful, and rarely, in severe cases, the enlarged 
lymph nodes may liquify and become tender 
chronic abcesses or cysts of sterile pus and 
fragmented leprosy bacilli. 


Less commonly one or both eyes may be- 
come painful and inflamed from ENL 
iridocyclitis, or one or both testes may be- 
come enlarged and very tender from ENL 
orchitis—both conditions require urgent 
treatment to prevent blindness or infertility, 
respectively. Joints may also, if rarely, be- 
come swollen and tender ; in some patients it 
is principally the small joints of the hand that 
are affected, in others the large joints especi- 
ally the knees and/or the ankles. 


Most patients with active ENL have a poly- 
morphonuclear leucocytosis. Many also 
show transient albuminuria, and on micro- 
scopy of their urine, red cells and casts may 
be found. Ina small proportion of the latter, 
especially those whose ENL and lepromatous 
leprosy are inadequately treated by modern 
standards, the albuminuria becomes persis- 
tent ; subsequently they may develop signs of 
the nephrotic syndrome due to renal amyloi- 
dosis, and eventually die from renal failure. 


Histologically, an ENL skin papule shows a 
number of striking features. First, there is a 
background of LL or BL leprosy, usually 
inactive or resolving under treatment, and 
always present even when ENL papules deve- 
lop in clinically normal skin. Second, there 
is an intense polymorphonuclear neutrophil 


infiltrate, although as the lesion ages, signi- 
ficant numbers of lymphocytes may appear. 
Third, fragmented (presumed dead) leprosy 
bacilli are present. Fourth, inflammation 
of small blood vessels (vasculitis) may be 
found. Similar histological features are pre- 
sent in ENL neuritis. In ENL arthritis, 
synovial fluid obtained from an involved 
joint contains degenerating polymorphs and 
fragmented leprosy bacilli. However, biopsy 
of the kidney from a patient suffering from 
Significant persistent albuminuria may reveal 
immune-complex type glomerulonephritis 
and/or renal amyloidosis. 


Although ENL may occur in untreated 
patients, the episodes most commonly com- 
mence during the second six months on 
treatment with dapsone, or a few weeks after 
the beginning of rifampicin treatment. 
Episodes of ENL may continue for many 
years, but provided effective anti-leprosy 
treatment is continued uninterrupted, they 
will eventually die out when most of the dead 
leprosy bacilli have been removed by the 
body defences, i.e. when the smear bacterial 
index has fallen towards or to zero. 


Thus ENL is important both because it is 
common, and because it may result in a 
lepromatous patient, while on correct, effec- 
tive anti-leprosy treatment, suffering from 
chronic episodes of fever and general malaise, 
being unable to work, and also perhaps 
developing increasing nerve damage, blind- 
ness, infertility or renal damage. Unless the 
nature of the reaction is explained, and unless 
effective anti-ENL treatment is given, the 
chronic ENL patient may lose faith both in 
his medical and paramedical advisers and in 
his anti-leprosy (especially dapsone) treat- 
ment. As a result, he fails to take his dapsone, 
and eventually relapses with active, infectious 
lepromatous leprosy, spreading the disease to 
new patients, and causing the failure of the 
leprosy control scheme. 


2. Reversal (Upgrading) and Downgrading 
Reactions (Borderline and Tuberculoid Reac- 
tions or Non-lepromatous Lepra Reactions) 


The second main group of reactions occur 
over the whole of the leprosy spectrum except 
at the two ends (i.e. they do not occur in polar 
lepromatous, LLp, or in polar tuberculoid, 
TT, leprosy). Unfortunately, there is no 
standardised terminology ; however, most 
leprologists recognise two sub-groups, namely 
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‘Reversal’? or ‘“‘Upgrading” in patients recei- 
ving effective anti-leprosy treatment, and 
“Downgrading” reactions in untreated 
patients. 


(a) Downgrading Reactions 


A patient with untreated low-resistant 
tuberculoid or borderline (that is borderline- 
tuberculoid, BT ; borderline, BB ; or border- 
line-lepromatous, BL) leprosy, may deterio- 
rate in two ways : either by the appearance of 
new lesions associated with spread of the 
leprous granuloma without change in his 
leprosy classification, or by the appearance of 
new lesions (and the spread of old lesions) 
associated with a change in classification 
towards the lepromatous end of the spectrum. 
In the latter case the skin lesions (both old 
and new) may become erythematous and oede- 
matous (although otherwise the lesions are in 
keeping with the type of leprosy the patient 
has or is developing) and remain so for weeks 
or months. This situation is known as a 
Downgrading Reaction. 


Downgrading reactions are difficult to 
study for obvious ethical reasons. They are 
usually not severe, only involve skin and 
nerves, and normally settle within two to 
six weeks after commencing anti-leprosy 
treatment. Some workers even deny the 
existence of downgrading reactions, consi- 
dering them to be the normal tissue response 
to rapidly spreading and multiplying Myco. 
leprae. However, at least one downgrading 
reaction has been carefully observed in a 
patient under investigation for suspected 
thiambutosine resistance. The patient, at the 
time of his reaction was BB/BL ; the reaction 
lasted for about three months and after it had 
spontaneously settled he began to develop a 
number of lepromatous (LLs) papules. His 
treatment was then changed from thiambuto- 
sine to dapsone (i.e. from ineffective to 
effective chemotherapy), and a few weeks 
later he went into a Reversal Reaction, which 
in appearance was very similar to, but possibly 
more severe than, his downgrading reaction 


and clinically and histologically he reverted 
to BL. 


(b) Reversal Reactions 


_ These are the important reactions occurring 
in treated non-lepromatous leprosy. The 
leprous lesions themselves become markedly 
swollen and inflamed, and similar new lesions 
may appear. The reaction develops over 
days or weeks, and lasts for weeks or months 
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before slowly subsiding. The time scale is 
therefore very different from that of a crop of 
ENL papules. Many patients remain afeb- 
rile throughout their reaction. A minority 
develop mild fever and slight general malaise, 
sometimes associated with oedema of the 
hands and/or ankles. Marked fever and 
malaise is rare in Asia. Clinically and histo- 
logically the erythematous lesions are consis- 
tent with the type of leprosy the patient is 
suffering from or developing ; there is 
oedema and hyperaemia, but no extraneous 
infiltrate. However, as patients undergoing 
reversal reactions tend to shift towards the 
tuberculoid end of the spectrum, there may be 
some influx of lymphocytes, the bacterial 
host cells may become more epithelioid in 
appearance and the number of leprosy bacilli 
progressively diminishes. 


In BT and BB leprosy, the reaction may 
commence within as little as two weeks from 
the start of dapsone therapy, and almost all 
within six months if treatment is taken regu- 
larly. In BL leprosy, reversal reactions 
frequently develop between two and 12 months 
after commencing therapy. By one year, as 
many as one third, and by four years almost 
a half, of all BL patients have undergone 
reaction, although late reactions are usually 
mild. BL patients may switch as far as BT, 
but some only upgrade to BB or BB/BL, and 
in some the reaction fades without any signi- 
ficant change in classification. Reactions are 
also very common in BB and common in BT 
leprosy ; they do occasionally occur in LLs 
leprosy, but such patients seldom shift beyond 
BL. 


In severe BL and in many BB and BT 
reactions, the skin over the lesions becomes 
very dry, scaly and friable, so that the slight- 
est trauma can cause extensive superficial 
ulceration. If the ulcerated lesion is on an 
exposed part, and especially if it is on the 
face, it may lead to unsightly scarring. 


The other important complication is neuri- 
tis, which may occur in any nerve of 
predilection, but especially in those ulnar, 
median and lateral popliteal nerves which 
were thickened before the _ reaction 
commenced. Facial nerve palsy (usually 
incomplete) is common in patients who have a 
large borderline lesion on the face, involving 
particularly those branches of the nerve 
situated in or near the reacting lesion. 
Patients in reversal reaction should be care- 
fully watched for the development of nerve 
pain and tenderness as this may signal the 


onset of rapidly progressive nerve damage 
should anti-reaction treatment (particularly 
steroids) be withheld. 


Any patient whose lesions are already 
erythematous (possibly due to mild down- 
grading reactions) or who has thickened, 
tender nerves at the time of his diagnosis, 
should be most carefully observed throughout 
the first few weeks of dapsone treatment, so 
that should a reversal reaction develop, 
prompt treatment may be given to prevent 
nerve damage. 


The diagnosis of a reversal reaction is usu- 
ally simple. However, confusion may rarely 
occur in LLs or BL patients, should numerous 
ENL papules develop in succulent annular 
lesions or plaques. The patient should be 
observed over 48 hours; during this time 
ENL papules will change in appearance 
whereas reversal reaction lesions will remain 
unchanged. Correct diagnosis is important, 
as it will affect the management of the 
reaction ; in particular, thalidomide is useless 
in treating reversal reactions, but is as effective 
as steroids in the treatment of ENL. 


Occasionally, the lesions in untreated polar 
tuberculoid (TT) patients may also become 
inflamed ; such patients show a natural 
tendency to heal (with or without treatment), 
and their reactions are probably akin to 
reversal reactions. 


3. The Lucio Phenomenon 


This type of reaction is included for the 
sake of completeness, as it has only been 
reported from the Americas, principally from 
Mexico. The Lucio phenomenon occurs 
exclusively in patients suffering from pure, 
diffuse, polar lepromatous (LLp) leprosy, 
without nodular lesions and with loss of the 
eyebrows. Such patients may develop crops 
of irregular, star-shaped scabs and ulcers, due 
to superficial infarctions (death) of the skin 
from severe vasculitis (inflammation) of the 
dermal vessels. Usually the reaction deve- 
lops before the start of treatment, and subsides 
once the patient has settled down on effective 


anti-leprosy therapy. The Mexican workers 
are convinced that it is different from severe, 
ulcerating ENL. 


4. Exacerbation Nodule; and Histoid Lesions 


It is doubtful if relapse lesions should be 
classified as reactions ; however, they are 
important in the differential diagnosis of 
ENL. 


When lepromatous patients relapse, whether 
from the development of drug resistance or 
from failure to persevere in anti-leprosy 
treatment, they may do so in a number of 
different ways. In many patients the relapse 
is relatively acute ; such patients develop over 
the course of days or weeks a number of 
erythematous, often histoid, papules and 
nodules, which are frequently confused with 
ENL. However, such lesions change little in 
appearance over the course of a week, are 
usually very asymmetrical in distribution, 
and are often found in somewhat unusual 
sites for ENL, such as the abdominal wall, 
flanks and buttocks. Smears taken from 
these new lesions have a very high bacterial 
index and a high morphological index ; the 
consistency and texture of the papule at the 
time of smearing or of biopsy much more 
closely resembles that of untreated lepro- 
matous infiltrate than that of ENL. More- 
over, the lesions are neither tender nor painful, 
nor is their appearance associated with 
systemic upset. The histology of the papules 
is that of hyperactive or histoid lepromatous 
leprosy. 


If there is any doubt of the clinical 
diagnosis, then all that is necessary is to 
observe the lesions for three days, during 
which time ENL papules (but not relapse 
papules) will change -in appearance ; the 
diagnosis can then be confirmed by the smear 
results. However, special care must be taken 
over ENL patients who relapse through 
ceasing to take dapsone ; such patients may 
develop relapse papules while still suffering 
from ENL, and a number of individual 
papules need to be smeared and observed if 
the dual diagnosis is to be correctly made. 
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COMPLICATIONS OF LEPROSY 


A. B. A. KARAT 


Until relatively recently, leprosy has’ been 
considered to be primarily an incurable, 
highly infectious skin disease associated 
with a variable degree of peripheral nerve 
damage and hence was treated in splendid 
isolation in leprosy sanatoria without the 
camp! The introduction of sulphones as 
specific antileprosy therapy in the mid-forties 
changed the entire outlook for leprosy. A 
fresh interest was kindled among clinicians 
and research workers which directly led on 
to the entry of leprosy into the citadels of 
medical establishment as a “respectable” 
speciality. As an inevitable consequence of 
this new development, leprosy entered the 
main stream of medical thinking and the new 
techniques and tools of research began to be 
harnessed to elucidate the pathogenesis, 
clinical manifestations, complications, 
epidemiology and prevention of this hitherto 
dreaded and somewhat mysterious disease. 
Thus we now look upon leprosy as a systemic 
disease with protean clinical manifestations of 
multiple organ involvement. 


This paper, hopefully, will provide a 
“thumbnail sketch” of the various compli- 
cations of leprosy. 


Skin : The main complications in the skin 
are depigmentation and ulceration. The 
majority of skin lesions in leprosy are 
characterised by hypopigmentation. Ulcers 
appear either because of co-existent anaes- 
thesia in these skin lesions, which results in 
recurrent unappreciated trauma or_ ulcers 
could result from lepromatous reactions, such 
as necrotising erythema nodosum leprosum. 
Sclerodermatous changes in the dorsum of 
the hands and feet is also seen in chronic 
E.N.L. reaction. 


Peripheral Nerves : The next major consis- 
tent target for leprous infection is the peri- 
pheral nerves, in particular the ulnar, median, 
radial, lateral popliteal and facial nerves. 
The involvement of the ulnar and median 
nerves in the upper limbs produces the charac- 
teristic wasting of the small muscles of the 
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hand as well as the deformity of the hand. 
In the majority of cases, these hands are also 
anaesthetic and are, therefore, frequent sites 
for the occurrence of trophic ulceration, 
chronic infection and consequent loss of digits. 
It must be emphasised that the mythological 
concept of “‘absorption” of the fingers due to 
leprosy itself needs to be refuted since leprous 
dactylitis by itself does not produce the 
deformity that one associates with leprosy. 
These deformities are a direct result of re- 
current trauma to anaesthetic fingers which 
result in ulceration, sepsis and absorption of 
the fingers as a consequence. 


Involvement of lateral popliteal nerve in 
the lower limb produces the characteristic 
foot drop deformity. In a large proportion 
of patients, even in the absence of foot drop, 
there is loss of pain and touch sensation 
in both the feet and this again leads to trophic 
ulceration, sepsis, osteomyelitis of the small 
bones of the feet and subsequent deformity. 


Involvement of the facial nerve results in 
the typical deformity of lagophthalmos. The 
majority of these patients are not only unable 
to close their eyes, but have in addition 
loss of sensation in the cornea and con- 
junctivae. As a result, they develop exposure 
keratitis which if not treated vigilantly leads 
on to blindness. 


A fair proportion of leprosy patients 
develop “glove and stocking anaesthesia” 
because of involvement of the fine nerve 
endings in the skin in the hands and feet. 
In some ways, they resemble the anaesthesia 
that one sees in such conditions as diabetes 
and have, therefore, the same hazards of the 
occurrence of trophic ulceration and subse- 
quent deformity of the limbs. 


The important message in all these neuro- 
logical complications is the recognition of the 
role of. loss of appreciation of pain and 
temperature in the production of deformities 
of the hands and feet which can progress 
to such a degree as to render the patient 


incapable of looking after himself. In addi- 
tion to the availability of surgical correction 
for the paralytic deformities in the hands, 
health education of the patient is essential if 
one is to save those hands and feet from the 
progressive destruction that occurs as a conse- 
quence of recurrent minor trauma. With 
the advent of elegant surgical procedures, 
emphasis has tended to shift from education 
to surgery. The patients who have had 
tendon transplants and re-constructive surgery 
for the hands and feet will not have those 
hands and feet for very long unless at the 
same time, the patient learns to protect these 
hands and feet from trauma that these limbs 
are liable to, in the carrying out of every day 
activities of living. 


Muscle: The commonest muscle complica- 
tion in leprosy is motor paralysis which is a 
result of peripheral neuropathy. This has 
already been discussed. 


“Leprous myositis” is a relatively un- 
common clinical manifestation of multi- 
bacillary types of leprosy, usually associated 
with erythema nodosum leprosum. Tender 
nodules, diffuse tenderness in the affected 
muscle associated with a significant rise in the 
serum levels of muscle enzymes characterise 
this condition. 


Histologically demonstrable specific lesions 
in muscles is much more common in the 
dartos muscle in the scrotum. In the latter, 
M. leprae remain viable for many years after 
they have ceased to be viable in the skin 
following specific antileprosy therapy. Such 
persisters among M. leprae may be important 
in the occurrence of relapse and in the emer- 
gence of resistant strains. 


Sweating : Loss of sweating is another 
important complication of leprosy. The 
anaesthetic skin lesions are invariably 
anhydrotic and a proportion of non- 
anaesthetic skin lesions are also anhydrotic. 
In lepromatous leprosy patients there is 
widespread impairment and/or loss of sweating 
over the trunk and limbs, often in a patchy 
manner probably due to destruction of sweat 
glands and/or destruction of nerve supply to 
the sweat glands by the lepromatous process. 
It becomes clinically important in the tropics 
where such patients are unable to adequately 
regulate their body temperature in the hot 
weather. Loss of sweating in the limbs, 
especially the hands and feet, also leads to 
dry, scaly skin with a tendency to develop- 
ment of ‘dermatitis’, deep fissures in the 


palms and soles of the feet which also predis- 
pose to ulceration. 


Reactions : Reactions in leprosy represent 
an exacerbated state of the disease due to 
altered immune mechanisms. They could 
be broadly considered according to the type 
of leprosy, whether multi-bacillated (border- 
line and lepromatous) or pauci-bacillated 
(tuberculoid). So far, no-one has been able 
to substantiate the occurrence of “reactions” 
in the so-called indeterminate type of leprosy. 
Reactions in tuberculoid leprosy are essentially 
characterised by the occurrence of acute 
neuritis, involving one of the peripheral 
nerves, in particular the ulnar nerve, median 
nerve, lateral popliteal nerve and facial nerve, 
characterised by intense pain along the 
affected nerve with associated sensory and/or 
motor loss in the territory of supply of that 
nerve. These episodes of exacerbation may 
occur without warning quite suddenly, 
especially when the patient is on specific 
antileprosy treatment and may produce 
catastrophic neurological deficits within a 
matter of two to three days. With the 
currently available lines of treatment with 
anti-inflammatory drugs, these reactions need 
no longer be a major threat to the integrity 
of peripheral nerves, provided they are antici- 
pated and treated vigorously at the very onset. 


Reactions in bacillated types of leprosy : 
There are a number of clinical manifestations 
of reactions in bacillated types of leprosy, 
of which erythema nodosum  leprosum 
(E.N.L. reaction) is the most common and 
most typical. This is characterised by the 
appearance of tender, erythematous nodules 
over the limbs and trunk associated with 
general ill health, a rise in temperature, swel- 
ling of the feet, pain along the peripheral 
nerves, epididymo-orchitis, lymphadenopathy, 
hepatosplenomegaly and iridocyclitis, scleri- 
tis, etc. These reactions are currently believed 
to be mediated by immune complexes which 
are deposited at various sites and they tend 
to occur more frequently in patients on treat- 
ment than among the untreated group of 
patients. Until very recently, one had very 
few effective therapeutic measures available, 
other than the exhibition of cortisone with 
its own hazards. The introduction of 
Clofazimine and, strangely enough, Thali- 
domide, have completely changed the out- 
look for patients who were once subject to 
this distressing complication which pro- 
gressively damages the organs that are affected 
during the course of the illness. 
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The other triggering mechanisms for the 
occurrence of reactions are childbirth, inter- 
current infection especially tuberculosis. 


Kidneys: So far, no-one has demons- 
trated direct leprosy involvement of the 
kidneys nor have specific leprosy lesions 
either lepromatous or tuberculoid been 
reported in the kidneys. On the other hand, 
in bacillated type of leprosy, particularly the 
lepromatous and borderline lepromatous 
group, M. leprae can be demonstrated in 
the urine. Bacilluria increases, for some 
reason, during the proteinuria. “‘Leprous 
nephritis” in its clinical, biochemical and 
histological features resembles __ post- 
streptococcal nephritis. It is, therefore, 
suggested that “‘leprous nephritis” is also an 
immune complex disease and can result in 
severe impairment of renal function in the 
affected patient. 


Amyloidosis of the kidney is an additional 
hazard in patients with bacillated types of 
leprosy. It is an important cause of death 
among patients in leprosy santatoria round 
the World, more so among patients of the 
Caucasian race. It usually manifests itself 
as gross pitting oedema of the lower limbs 
associated with marked proteinuria. In the 
early stages, there is no significant change in 
the blood chemistry other than the appea- 
rance of hypoproteinaemia. Unfortunately, 
amyloidosis of the kidneys is an irreversible 
process and tends to gradually progress on to 
chronic renal failure and death. 


Haematological complications : Anaemia 
is a very common manifestation in patients 
with bacillated types of leprosy and it has been 
demonstrated that part of this anaemia is due 
to the chronic infection. In others, the 
anaemia is due to a conditioned deficiency of 
folate and B.12 presumably dependent on 
the proliferative activity of mycobacterium 
leprae. The anaemia could also be in part 
due to replacement of the haemopoeitic 
tissue by leprous infiltration. 


Liver and the reticulo-endothelial system : 
In the bacillated types of leprosy there is 
marked alteration of liver functions associated 
with a sharp rise in globulins, particularly 
the gamma fraction and a lowering of serum 
albumins. In one of the control trials using 
Clofazimine for treatment of lepromatous 
leprosy, it was demonstrated that with the 
regression of lepromatous disease, there was 
a significant improvement in liver functions 
and the reversed albumin:globulin ratio ten- 
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ded to become normal with no other thera- 
peutic intervention, suggesting that in fact 
the original alterations in liver functions were 
a direct result of involvement of the liver by 
the leprous process. Liver function changes 
are relatively uncommon in the non-bacillated 
types of leprosy, except during reactional 
phases. Specific granulomata in the liver 
have been demonstrated in all types of 
leprosy, except indeterminate leprosy. 


Splenomegaly occurs in over a third of 
patients with active multi-bacillary forms of 
leprosy and tends to regress with specific 
anti-leprosy therapy at the same time as the 
disease itself. During E.N.L. reaction, 75% 
of patients have splenomegaly. 


Lymphadenopathy is frequently seen in the 
bacillated types of leprosy and _ localised 
enlargement of lymph glands in the territory 
of the skin lesions of tuberculoid leprosy 
have also been noted. On biopsy, these 
lymph glands demonstrate the pathological 
features of the type of leprosy found in the 
individual patient. 


During reactions in the bacillated types of 
leprosy, these lymph glands tend to become 
acutely inflamed and can on occasion develop 
“sterile abscesses” and burst, pouring blood- 
stained, purulent material which may mimic 
that seen in patients with tuberculous 
lymphadenitis. Both the lymphadenopathy 
and lymphadenitis settle down on treatment 
of the primary disease without the need for 
additional intervention with antibiotics. 


Lymph glands are also of particular interest 
in that when the disease appears quiescent 
elsewhere, biopsy of these glands may demons- 
trate acid-fast bacislli. These “‘persisters” 
among M. leprae may have a major part to 
play in the appearance of relapses or in the 
emergence of resistant strains of bacilli. 


Systematic examination of bone marrow 
aspirates from patients with various types of 
leprosy have demonstrated the presence of 
significant numbers of viable acid-fast bacilli. 
What is more interesting is that after several 
years of specific antileprosy treatment, one 
can still demonstrate bacilli in the bone 
marrow which can in a proportion of patients 
be shown to be viable using the mouse foot- 
pad inoculation technique. It is, therefore, 
conceivable that these persisters among the 
acid-fast bacilli in such sites as bone marrow, 
liver, lymph glands, muscles nerves, etc., 
may be responsible for both relapses of 
leprosy and the emergence of resistant strains. 


Endocrines ; Gynaecomastia is not an 
infrequent occurrence among patients with 
bacillated types of leprosy, particularly to- 
wards the lepromatous end of the spectrum. 
So far, the various attempts to elucidate the 
pathogenesis of gynaecomastia have failed to 
explain satisfactorily the precise cause of 
gynaecomastia in leprosy. For example, 
while undoubtedly lepromatous leprosy 
results in testicular atrophy in a large pro- 
portion of patients, there is no consistent rela- 
tionship between the size of the testis, the 
histological appearance on testicular biopsy, 
the level of 17 keto-steroids in the blood 
and the presence or absence of gynaecomastia. 
As already mentioned, there is no doubt that 
the liver is frequently involved in patients 
with leprosy; however, there is no consistent 
relationship between the degree of hepatic 
dysfunction and the occurrence of gynaeco- 
mastia. 


Adrenal glands are affected in about 30% 
of patients with bacillated types of leprosy and 
careful study of adrenal-pituitary functions 
have demonstrated changes in the adrenal 
function in lepromatous leprosy. Further, du- 
ring reactional phases of leprosy, there is a 
clear deterioration in the adrenal function 
which tends to recover somewhat with the 
subsidence of the reactional episode. Post- 
mortem studies have left no doubt of the 
leprous involvement of adrenal gland in a fair 
proportion of patients with lepromatous 
leprosy. As yet, adrenal involvement with pa- 
tients with non-bacillated types of leprosy has 
not been reported. 


Ear, nose and throat : Involvement of the 
nasal mucous membrane occurs very early 
in patients with lepromatous leprosy and, in 
fact, current studies on the epidemiology of 
leprosy, tend to implicate the nasal mucous 
membrane as an important source of M. 
leprae for transmission of leprosy in the com- 
munity. Patients usually present with stuffi- 
ness of the nose and/or epistaxis. When 
the local infiltrative process progresses, 
there is gradual destruction of the nasal 
septum (bone and cartilage) which finally 
produces the typical sunken nose that one 
associates with advanced lepromatous leprosy. 
The experienced clinician can distinguish 
this appearance from that produced by 
syphilitic collapse of the nose. 


Perforation of the hard pallate in the mouth 
is another rare manifestation that occurs in 
severe lepromatous leprosy of long standing. 
Lepromatous nodules may be seen on the 
tongue and along the alveolar margin 


(personal observations) as well as in the fauces 
in the mouth. 


Leprous involyement of the larynx was a 
very common complication in the pre- 
sulphone era, leading on to laryngeal stenosis 
and death unless there was prompt surgical 
intervention with tracheostomy. The leprous 
laryngitis is also a cause of recurrent haemo- 
ptysis, brassy cough and hoarseness of voice. 
In untreated highly bacillated lepromatous 
leprosy, these clinical features can be seen and 
recognised even today and it is gratifying 
to note that they tend to regress within six 
months to a year from intervention of specific 
therapy. 


Involvement of the external ear in leprosy 
almost exclusively seen in patients at the 
lepromatous end of the spectrum. The 
major changes that one may see are gross 
infiltrative lesions, enlargement of the ear, 
nodules along the pinna and ulcerations in 
the ear, if the ear is involved in the E.N.L 
reaction. To date, involvement of the internal 
ear in lepromatous process has not been 
reported. 


In the bacillated types of leprosy, there is a 
gradual loss of eyebrows which may in some 
patients progress to complete loss of eyebrows 
(madarosis) necessitating re-constructive 
plastic surgical procedures to restore cosmetic 
appearance. 


Bones : Specific involvement of the 
skeleton in non-bacillated types of leprosy 
has not been confirmed. It is not an in- 
frequent feature in the bacillated types of 
leprosy, even in radiologically normal-looking 
small bones in the hands and feet. Trephine 
biopsies have demonstrated lepromatous 
granuloma in patients with moderately ad- 
vanced lepromatous leprosy. The frequency 
of occurrence of leprosy bacilli in bone mar- 
rows has already been referred to. Leprous 
dactylitis involving the small bones in the 
hands is characterised by osteoporosis and 
sub-cortical osteolitic lesions. In addition, 
quite often there is a loss of the “tufts” in the 
terminal phalanges in advanced lepromatous 
leprosy. Leprous involvement of these 
bones in the hands and feet render them liable 
to pathological fractures with significant 
development of bizarre deformities, most 
of them dependent on the occupation of the 
particular patient. The leprous periosteitis 
of the tibia is fairly common, which results 
in an anterior bowing of the leg and radio- 
logically can be seen as marked thickening 
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of the cortex in the affected bone. The 
appearances superficially mimic Paget's 
disease. 


Eyes: There is no evidence of involve- 
ment of the eyes in tuberculoid leprosy except 
in the rare event of direct infiltration of the 
tarsal plates in a patient with an active 
tuberculoid lesion involving the eyelids. On 
the other hand, facial nerve paralysis is a 
relatively common event in tuberculoid leprosy 
and the consequences of such a lesion have 
already been discussed under peripheral 
nerves. 


Specific lesions of the conjunctiva, sclera, 
iris and external occular muscles is fairly 
common in multi-bacillary forms of leprosy. 
By and large, these specific lesions tend to be 
asymptomatic. However, in an as yet un- 
published study, viable. M. leprae were 
demonstrated in the iris in lepromatous leprosy 
patients who had been on specific antileprosy 
treatment for five or more years and had 
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attained bacteriological negativity on repeated 
skin smears (personal observation). 


The more sinister eye complications of 
leprosy occur as manifestations of “reactions” 
in the form of keratitis, iritis, irido-cyclitis 
and scleritis and result in chronic headache, 
photophobia, painful eyes and progressive 
impairment of vision. It is important to 
look for these eye complications since early 
treatment results in very satisfactory remis- 
sion. Apart from local steroids during the 
acute phase, Lamprene is by far the most effec- 
tive anti-inflammatory agent to suppress the 
immunologically mediated insult to the eyes. 


Summary 


Leprosy is essentially a systemic disease and 
is a great ““mimicker” of many other diseases. 
It affects apart from skin and _ peripheral 
nerves, haemopoietic, reticulo-endothelial and 
endocrine systems as well as eyes, bones and 
muscles. 


PLANTAR ULCERS 


H. SRINIVASAN 


1. Ulcers are found all over the body of 
leprosy patients and they are all due to 
leprosy 


No, that is not true. Ulcers can occur 
anywhere on the body of the leprosy patient, 
but usually they do not. Most commonly 
they are found on the feet, on the undersurface 
i.e., the soles, and these are known as “‘plantar 
ulcers’. Less often, ulcers may occur on the 
fingers and hands and occasionally elsewhere 
on the body, on places like the forearm, 
thighs, back or front of the trunk of the body. 
Ulcers occurring in places other than soles of 
the feet and hand are not common, and only 
they are due to leprosy (leprous ulcers), 
whereas ulcers in the soles and hands are only 
indirectly attributable to leprosy. Leprous 
ulcers are quite rare and are due to un- 
controlled leprosy or they occur during acute 
inflammatory phases of leprosy known as 
“‘reactions’”. Leprous ulcers are temporary 
phenomena and they readily heal with anti- 
leprosy treatment. 


2. Practically every leprosy patient will get 
ulcers in his feet 


No. That is not true either, although it is 
popularly believed that every leprosy patient 
will get ulcers in his feet, it is not so. In 
fact, only 10% to 15% of leprosy patients 
have or have had ulcers in their feet. This 
means that 85% to 90% of leprosy patients 
do not have or have not had ulcers in their 
feet. This is because the ulcers occurring 
in the soles of feet (plantar ulcers) develop 
only under certain specific conditions, which 
are found only in about 20% of leprosy 
patients. That is the reason why the great 
majority of leprosy patients do not suffer 
from and are not likely to develop ulcers in 
their feet. 


3. All persons with chronic ulcers in their 
feet are leprosy patients. 


No. That is also not correct. There are 
a number of other conditions in which identi- 


cal ulcers indistinguishable from those seen 
in leprosy patients occur. For example, 
Diabetic neuropathy (degeneration of peri- 
pheral nerves occurring in diabetic patients), 
Syphilis of the nervous system (neuro- 
syphilis), Spina bifida (a congenital malforma- 
tion of the spinal cord), and Paraplegia 
(paralysis of both lower limbs usually due to 
injury to spinal cord) are some of the condi- 
tions in which the patient may develop ulcers 
exactly like those seen in leprosy patients. 
Therefore, just by the presence of an ulcer 
in his foot or by the look of it we cannot say 
that the person has got leprosy. But, in areas 
where leprosy is very common, leprosy patients 
with such ulcers are more commonly seen than 
others. That is natural, because the other 
conditions are not so common as leprosy. 


4. Are plantar ulcers not due to leprosy? 
Why then are they seen in leprosy patients? 


Instead of giving a straight Yes or No 
answer to this question it will be more informa- 
tive if we trace our ideas of causation of plantar 
ulcers in leprosy patients. 


It used to be thought, till the later part of 
the last century, that leprosy was directly 
responsible for plantar ulceration. It was 
generally assumed that leprosy somehow 
devitalized tissues which “rotted and dropped 
off’? and that when bone tissue was thus 
devitalized by leprosy it died and the tissues 
ulcerated to get rid of the dead bones. This 
belief was fostered because, when the dead 
bone was removed from the depths of these 
ulcers, they healed, or, contrarily, the ulcer 
did not heal until the dead bone was removed. 
We now know that leprosy does not lead to 
devitalization or death of bones, and death 
of bone tissue when it occurs is secondary to 
ulceration and infection and not other way 
round. 


During the last quarter of last century there 
were tremendous advances in our under- 
standing of the nervous system which was 
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disovered to control or influence the acti- 
vities of nearly all organs. It was also found 
that many people with disorders of nervous 
system developed chronic ulcers in their feet. 
It was therefore postulated that there were 
a special set of nerves responsible for main- 
taining the integrity of cells and tissues and 
those hypothetical nerves were named as 
Trophic Nerves. It was presumed that 
damage to the trophic nerves devitalized the 
tissues, leading to their breakdown under 
conditions of stress and the ulcers were 
therefore called “‘trophic ulcers”, a name which 
persists till today. The nonhealing of these 
ulcers was attributed to their deprivation 
of trophic nerves. 


The theory of Trophic nerves was given up 
in the early parts of this century, for, assiduous 
search by a number of workers failed to reveal 
any such nerves. And so the theory of devi- 
talization of tissues because of damage to 
“‘trophic nerves” had to be discarded. Be- 
cause ulceration occurred in patients with 
damage to the nervous system resulting in 
insensitivity of their feet it was suggested 
that ulceration was the result of neglect of 
known or unknown injuries to the insensitive 
feet. It was argued that the patients were 
not aware of an injury when it occurred and, 
even when they knew about it, they did not 
bother to treat it properly, but allowed it to 
fester and develop into an ulcer because they 
did not feel any pain. In other words the 
ulcers were considered merely as infected and 
neglected wounds occurring in anaesthetic 
feet. This was the situation till about the mid- 
dle of this century. 


It was then realized that although some 
ulcers developed in this manner, that would 
not explain many others which arose spon- 
taneously and were associated with necrosis 
of deep tissues. Further, the ulcers were 
found only in the areas of weight-bearing, 
at pressure points such as under the heads of 
metatarsal bones in the forepart of the foot 
and under the heel bone. It was therefore 
suggested that plantar ulcers were pressure 
sores, somewhat similar to the bed sores 
seen in debilitated and bed-ridden people. 
The hypothesis was that patients with da- 
maged nerves and insensitivity of the soles 
of their feet stood for a long time in the same 
posture, which is not normally done because 
of the discomfort it causes, and subjected the 
weight-bearing areas to continuous unrelieved 
high pressures. In such a case these parts 
will suffer from ischaemia. Circulation of 
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blood will be arrested in these parts due to high 
pressure from without, and cause death of 
tissues and ulceration. 


In the late 50s and early ’60s our concepts 
changed radically as the result of investigations 
conducted by Dr E. W. Price, then at Nigeria. 
He pointed out that majority of ulcers started 
as blisters, indicating internal damage to tis- 
sues as the initial event before ulceration. 
He also pointed out that most of these ulcers 
were seen in the forepart of the foot, nearly 
75% of ulcers occurring in this part, in con- 
trast to the heel where only about 10% of the 
ulcers occurred (Fig. 1). This was a clear 
indication that injuries (which were chance 
events and so would not favour one part of 
the sole more than any other part) and stan- 
ding pressures (which are distributed evenly 
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Fig. 1 Shows the proportions of ulcers occurring in 
_ the different parts of the sole of the foot. 


between the heel and the forepart of the foot 
and not concentrated in the fore-foot) could 
not have been the causes of ulceration in most 
cases. Evidently the fore-foot is a favoured 
site for ulceration and the cause of ulcera- 
tion must therefore be related to some special 
stress or strain to which the forefoot is 
uniquely subjected. This happens during 
walking. The findings of Price have been 
confirmed and amplified by other workers and 
it is now believed that plantar ulcers occur 
because of three reasons (i) Injury from out- 
side, (ii) Infection of deep cracks in the dry 
skin of the sole of the foot and (ili) Stresses 
and strains related to walking. Of these three 


causes, the first two account for about 15% 
to 20% of ulcers and the remaining 80% to 
85% of ulcers (true plantar ulcers) result from 
the stresses and strains associated with 
walking. 


5. But why should walking produce ulceration 
in the feet of leprosy patients? 


Irrespective of whether it is leprosy or any 
other neurological disorder, the following 
conditions have to be fulfilled for the patient 
to develop ulcers because of walking. They 
are: (i) the foot is weakened, (ii) the patient 
is unable to appreciate when his foot is getting 
damaged and (iii) the patient uses such an 
unprotected and weakened foot as if it were 
normal, and continues to walk about without 
any special protective measures. Let us see 
how these three conditions contribute to ul- 
ceration. 


(i) Weakening of foot: In order to under- 
stand how weakening of foot constributes to 
ulceration caused by walking we have to 
understand what happens to the foot when 
we walk, that is, to what stresses and strains 
the foot is subjected during walking. 


Walking is an activity which results in for- 
ward progression of the body. The body 
moves forward by pushing the ground back- 
wards by the feet. A person with only one 
leg can move forwards only by hopping, that 
is, by throwing the body upwards and for- 
wards (by pushing the ground downwards 
and backwards) and as it comes down arres- 
ting its descent and again pushing it up and 
throwing it forwards and repeating this again 
and again. This jerky way of forward move- 
ment is made smoother by walking, using two 
feet alternately and rhythmically to propel 
the body forwards, but the essential shifts in 
the body seen in hopping are found in walk- 
ing also. Thus during walking also the body 
is lifted upwards as it moves forwards, it 
then descends and the fall is arrested and 
the body is once again pushed upwards and 
forwards and this process continues. In 
other words, walking is a mode of moving 
forwards by repeated falling. Anybody who 
has seen the head, of a person walking on the 
other side of a wall, bobbing up and down can 
easily appreciate this fact. 


During walking the two feet are in contact 
with the ground for a short time alternately 
and each foot bears the load of the body 
during that phase of walking, while during 
the next phase it is off the ground as it swings 


forwards and then it contacts the ground 
again in order to relieve the other foot of 
weight bearing which now swings forwards 
in its turn (Fig. 2). The first phase of load 
bearing is known as the “stance phase’’ and 
the second phase as the “swing phase’’. 
Evidently the foot cannot be subject to strains 
during the swing phase, for, it is off the ground 
during this phase and so is not bearing any 
load. But during the stance phase when 
the foot is in contact with the ground it carries 
the load of body weight and is subjected to a 
variety of stresses and strains. 
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Fig. 2 Man walking (schematic) to show the stance 
and swing phases. 


The swing phase is terminated and the 
stance phase commences when the heel con- 
tacts the ground to arrest the descent or 
fall of the body. Immediately after the heel 
strikes the ground the forefoot also comes 
down and the whole foot is then in contact 
with the ground (Fig. 3). The load initially 
borne only by the heel is now borne by the 
whole foot. During this time the body is 
also moving forwards. A fraction of a 
second later the heel is raised, the body load 
is shifted upwards and forwards and only the 
fore-foot now bears the load. At this moment 
the fore-foot pushes the ground backwards 
for further forward movement of the body. 
As the body moves forward for some more 
distance, the perpendicular through the centre 
of gravity of the body falls beyond the base 
of support and the body starts falling, i.e., 


FOOT DURING WALKING 


HEEL 
PHASE. 


TRUE 
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FORE-FOOT 
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Fig. 3 The foot during the stance phase. 
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descends under the influence of gravity. 
During this “‘push-off”’ stage of walking the 
forepart of the foot is deformed and is also 
subjected to compression, bending, distrac- 
tion or tension and shearing forces. There 
are a number of small muscles in the foot 
which normally come into activity precisely 
during this stage of walking and their con- 
traction tends to counter and reduce all the 
above mentioned forces (Fig. 4). In many 
leprosy patients, and others with damage 
to the nervous system, these muscles are 
weakened or paralysed and the fore-foot is 
then deprived of their protective action and 
the walking strains are unchecked. In course 
of time the tissues in the forepart of the foot 
are unable to bear the increased strain and 
they break-down, the exact site of break- 
down depending on many other factors like 
the gait, minor anatomical features etc. 


Fig. 4 Shows the effect of functioning intrinsic 
muscles of the foot (above) and the consequence 
of their paralysis (below). 


(ii) Lack of protection because of anaes- 
thesia: When such a weakened foot is also 
insensitive, the person does not know that the 
tissues of his foot are damaged. Ordinarily 
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we become aware of any damage to our tissues 
because we feel pain in the part. A person 
with insensitive foot does not feel any pain 
and so is not aware when it gets damaged and 
the patient is thus deprived of the natural 
protective mechanism of pain. In leprosy 
the posterior tibial nerve behind the ankle 
which supplies the small muscles and serves 
the skin of the sole of the foot is very 
frequently infected with M. leprae and in 
about 20% of patients this nerve is damaged 
sufficiently to produce paralysis of the small 
muscles of the foot and insensitivity of the 
plantar skin. 


(ii) Continued walking: Such a foot, 
though it is “substandard” because of para- 
lysis and anaesthesia, does not appear parti- 
cularly abnormal and the patient does not 
experience much difficulty in using it, al- 
though some find it rather strange not to feel 
the ground properly under their feet. Thus 
we have the vicious combination of circums- 
tances that ultimately lead to ulceration. 


6. So, will only leprosy patients with anaes- 
theic foot develop ulcers? 


Anaesthesia (or loss of sensation) of the sole 
of the foot is the first pre-requisite for ulcera- 
tion. As mentioned earlier, such feet can be 
injured without the person being aware of 
it. But the patient with mere anaesthesia of 
the sole without any paralysis of the small 
muscles of the foot can get ulcers only from 
infection of wounds or cracks, and not from 
walking. But if he also has paralysis of these 
muscles his chances of developing ulceration 
increase very much and unless he takes pre- 
cautionary measures he is bound to get his 
foot ulcerated sooner or later, because of 
walking. 


7. What happens actually which ends as 
ulceration? 


In the early stages when the strains are 
increased to some extent the tissues are able 
to bear it. But continuously repeated exces- 
sive strain, even if it is only mildly excessive, 
ultimately damages the tissues by causing 
haemorrhage and death of tissues possibly 
by blocking of fine blood vessels because of 
damage to the inner lining of these vessels. 
This sets up an area of tissue necrosis and 
aseptic inflammation with some swelling of the 
tissues. This is the stage of threatened ulcer. 


_ If the patient continues to walk about, more 
tissue is damaged and autolytic enzymes 


digest the damaged cells and tissues and liquify 
them so that there is a collection of blood 
stained fluid in the area. The fluid is forced 
to come to the surface due to pressure and it 
appears as a blister. This is known as 
“necrosis blister’. This is the stage of con- 
cealed ulceration, because the essential pro- 
cess of ulceration has already taken place, 
this being destruction of the tissues. 


The next stage is the stage of open ulcera- 
tion. The blister breaks open either from a 
trivial injury or because the skin gives way. 
Then the sore is there for all the world to 
see (Fig. 5). 


Fig. 5 A small hlantar ulcer. 


8. What will happen if we leave the ulcer 
alone? 


If the ulcer is ignored it gradually extends 
in size and depth as more and more tissue is 
destroyed by walking (Fig. 6). Foot not being 
a very clean place, the ulcer will inevitably 
get infected with pyogenic organisms like 
staphylococci, streptococci and B. Coli and is 
converted into a frankly septic wound. The 
foot gets swollen and painful and the ulcer 
copiously discharges foul smelling pus. More 


tissue gets destroyed in the process, and in- 
fection. reaches the underlying. structures 
like the bone, joint or tendon sheath. 


Fig. 6 Large ulcer. Some toes have already been lost. 


At this stage the patient usually seeks treat- 
ment and the ulcer may heal leaving an un- 
stable scar or it may become quiescent once 
more. The patient continues to walk and if 
previously healed, the scar breaks down and 
the ulcer occurs once again and in course of 
time gets acutely inflammed again with further 
damage to the deeper tissues. This cycle 
(of ulceration—acute inflammation—healing 
—ulceration) is repeated a number of times 
and ultimately that part of the foot is more: 
or less completely destroyed. Thus the toes 
may get deformed and the foot is foreshortened 
and mutilated (Fig. 7). 


Or, if the ulceration has involved an un- 
favourable site like the middle of the foot or 
the heel, the infection extends deep into the 
foot, to involve the major tarsal bones of the 
foot, like the cuboid, calcaneum or talus and 
this leads to a major break-down of the foot 
(Fig. 8). Sometimes infection can extend 
along tendon sheaths to joints like the ankle 
joint or up into leg, to the calf region, giving 
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rise to septic arthritis and widespread destruc- 
tion of tissues. Such extensive infection can 


become uncontrollable and the foot may have 
to be amputated to prevent further spread. 
Patients with chronic dirty ulcers in their 
feet can get lethal infection like tetanus or 
gas gangrene which can endanger their lives. 
Occasionally even malignant growths can 


Fig. 7 Late effect of repeated ulceration. 


ta] 


Fig.8 X-ray showing complete disorganization ot 
the skeleton of the foot dus to spread of infection. 


develop from the chronic ulcers (Fig. 9). 
Therefore it is essential that the ulcer is healed 
as early as is possible and measures are taken 
to ensure that it remains healed. 


Ys 
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Fig. 9 A malignant growth arising from long 
standing plantar ulcer. 


9, Are these ulcers curable? 


Plantar ulcers are definitely curable be- 
causé there is nothing wrong with the healing 
processes of the tissues, even in leprosy 
patients. But, for the ulcers to heal they 
must be treated. The plantar ulcers do not 
heal in most patients because they are not 
treated and not for any other reason. It 
must be realized that treatment does not mean 
mere applying of some medicine over the ulcer 
and wrapping it with a piece of cloth or 
bandage. If the ulcer is treated properly 
it will heal (Fig. 10) and if proper precautions 
are taken it will remain healed. 


10. What should be done to heal the ulcers? 


Treatment of the ulcer depends on the condi- 
tion of ulcer. From this point of view the 
ulcers may be broadly classified as (a) acute 
ulcers, (b) chronic ulcers, (c) complicated 


ulcers and (d) frequently recurrent ulcer, 
because for each type the treatment will have 
to be different. 


Fig. 10 a A large plantar ulcer. 


In acute ulcers, that is acutely inflamed 
ulcers, the patient must be put to bed, and 
prohibited from walking. The foot should 
be kept elevated and the profusely discharging 
ulcer must be dressed frequently using sterile 
dressings and aseptic dressing technique. 
Local use of antibiotic creams is not advis- 
able and gauze soaked in freshly prepared 
EUSOL (12.5 G of Boric acid and 12.5 G 
bleaching powder dissolved in one litre of 
water) is the best for dressing. If need be 
the foot should be soaked in the antiseptic 
solution and the ulcer irrigated with the same. 
If there is any collection of pus, it must be 
drained out. If the patient is toxaemic, with 
fever etc., suitable antibiotics must be given. 
Otherwise antibiotics are not necessary. 
Under this line of treatment the acute 
inflammation subsides in a few days and the 
acute ulcer is converted into a healing ulcer. 
If infection of bone or joint is suspected the 
foot should be X-rayed and the condition 


treated accordingly. Otherwise the ulcer is 
treated from then on like a chronic ulcer. 


The chronic ulcer remains indolent because 
it is not allowed to heal or \because of some 
complication. If there are no complicating 
factors, like infection of underlying bones 
or joints, we can presume that the ulcer did 
not heal because it was not permitted to heal. 
When a person of average weight of 60 Kg. 
is standing, each foot bears half the body 
weight (30 Kg.), but when a person is walking 
this load increases and it may even exceed the 
body weight. This is more so during running, 
jumping and such activities. If the ulcer is 
repeatedly subjected to such loads and other 
strains mentioned earlier, the delicate granula- 
tion tissue and epithelium which have to 
grow, fill and cover the ulcer are damaged and 
healing is actively prevented. The ulcer 
thus remains chronic. 


Fig. 10 b The same healed after routine treatment. 


Therefore if the ulcer has to heal it must be 
protected from excessive loading and the other 
strains generated by walking. This is best 
achieved by encasing the foot and leg in a 
plaster of paris cast (Fig. 11). The patient 
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can walk with the plaster cast, for, the cast 
protects the fore-foot from deformations and 
other strains and also relieves the ulcerated 
area from excessive loading (compression 
stress) by distributing the load to the entire 
surface of the sole of the foot. The cast is 
usually kept for about six weeks by which 
time the ulcer heals. 


Fig. 11 Leg in walking plaster cf paris cast. 


In case of complicated ulcers the particular 
complication which is interfering with healing 
must be identified and treated, using appro- 
pate measures. Surgical treatment by 
exploration, removal of dead bone or other 
dead tissue deep inside the foot. clearing of 
foci of infection in the bones and deeper tissues 
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for this purpose. Afterwards the ulcer is 
treated like a chronic ulcer. 

11. But these ulcers come up again! Why is 
it so? 


The ulcer will recur again unless special 
protective measures are taken. As pointed 
out earlier, healing is only one stage in the 
natural history of plantar ulcers, the next 
stage being recurrence of the ulcer. It is not 
very difficult to see why the plantar ulcer does 
not remain healed, but recurs. As long as 
the original combination of conditions which 
led to ulceration (anaesthesia of the sole, 
paralysis of small muscles of the foot and 
walking) continues, it will again lead to 
ulceration. The only difference will be that 
the ulcer will come up sooner this time be- 
cause the scar tissue which replaces the ori- 
ginal fibro-fatty subcutaneous tissue of the 
sole of the foot is inferior in its capacity to 
withstand the stresses and strains like com- 
pression, bending and shear. So it breaks 
down sooner than the normal tissues. Fur- 
ther, in some patients there are associated 
deformities of toes or foot as the result of 
previous ulceration or independent of that 
and those deformities usually make the scar 
more vulnerable because they tend to increase 
the stresses on the scar. 


12. How can we prevent the ulcer coming 
again? 


We saw that the ulcers recurred because 
(a) the original causes leading to ulceration 
continued, (b) the scar tissue was inferior in 
quality and (c) associated deformities subjected 
the scar tissue to imcreased stresses. The 
original causes leading to ulceration are 
anaesthesia of the sole of the foot, paralysis 
of small muscles and walking. Of these, 
anaesthesia and paralysis are permanent and 
we have no way of restoring sensation or 
reactivating the paralysed muscles, and we 
cannot ask the patient to stop walking. 
Nevertheless, stresses and strains generated 
by walking can be reduced by (a) reducing 
walking and (b) interposition of shock- 
absorbing material between the ground and 
the foot. ; 


Reducing walking: Although walking 
cannot be avoided it can be minimized and 
walking long distances or for long periods 
can be avoided by using a vehicle (even a 
bicycle is better than walking), or taking rest 
periodically so that one does not walk conti- 
nuously for a long stretch of time or distance. 


Running, jumping and other activities are, 
of course, very damaging and should be 
avoided as far as possible. 


Use of shock-absorbing insole: Besides 
reducing walking, one should also see that the 
stresses generated by walking are reduced. 
This is achieved by interposing a resilient 
insole in the foot-wear so that the ground 
reaction is dampened and is felt in a reduced 
form by the foot. Sheets of microcellular 
rubber (not sponge rubber) of 10° to 15° 
hardness is the best for this purpose (Fig. 12). 
In some patients this by itself may not be 
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Fig. 12 Microcellular rubber of 15° hardness 


sufficient and the forces at the site of ulcera- 
tion will need to be further reduced by other 
modification in the foot-wear, like addition 
of metatarsal bar or moulding of the insole. 
Generally these modifications increase the 
area of load bearing and thus reduce the inten- 
sity of load at any point. In this manner, 
by suitable foot-wear, one can relieve the foot 
and the ulcer-bearing site of stress to a great 
extent. 


In certain cases skin grafting of the ulcer 
or surgical revision of the scar will have to be 
done to improve the quality of the scar. 
Similarly, where a deformity throws excessive 
strain on the scar, that should be corrected. 
These procedures will also help to prevent 
recurrent ulceration. 


13. Is it not possible to prevent these ulcers 
in the first place? 


That is certainly possible and actually that 
is what one should aim at, for, once an ulcer 
has occurred there is the ever-present danger 
of it occurring again. As mentioned earlier, 
ulcers in the foot arise from injuries, infections 
through cracks and walking. All measures 
taken for preventing recurrence of ulcer, 
if followed from the beginning, will also pre- 
vent the first occurrence of the plantar ulcer. 
In addition other measures must be taken to 
protect the foot from injuries and infection. 
Injuries can be prevented by the constant use 
of foot-wear with tough soles, resistent to 
thorns, sharp stones and short nails. It is 
for this reason that tyre side pieces are used 
as the outer sole in the foot-wear for leprosy 
patients (Fig. 13)—-Tyre side pieces are cheap, 
tough and durable and protect the foot very 


Fig. 13 Foot-wear with microcellular rubber insole 
and tyre sole. 


well. Nails in the foot-wear will injure the 
foot and that is why it must be insisted that 
all fixation of straps and soles is done by 
stitching or with adhesives, and not by ham- 
mering in nails. (Fig. 14). Infection through 
cracks can be avoided by preventing fissuring 
or cracking of the skin. For this, the skin 
of the sole of the foot (which becomes dry 
and brittle when its nerve supply is damaged 
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Fig. 14 Shows that the soles and straps are secured 
by using adhesive or by stitching. . Note no nails 
are used. 
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and sweating ceases as the result) should be 
kept hydrated and supple. Daily soaking in 
water or saline for a few minutes, mopping 
the excess water and smearing the foot with a 
thin coat of oil or grease to retain the moisture 
will keep the skin soft and prevent its fissuring. 
Even when injuries have occurred or cracks 
have appeared, prompt and proper treatment 
of the same will prevent ulceration. There- 
fore the patient must make it a habit to inspect 
his foot daily for injuries. A little time spent 
daily on foot-care and some money spent 
occasionally on appropriate foot-wear is a 
good and worth while investment, for, in the 
long run that will save the patient from much 
misery and loss of time and money. Diligent 
foot-care and proper foot-wear are the best 
safeguards against disastrous crippling dis- 
orders of the insensitive feet. 


DRUG RESISTANT LEPROSY 


C. K. JOB 


Until 1949 there was no effective drug to 
treat leprosy. The discovery of Diamino 
Diphenyl Sulphone (Dapsone) as an active 
antileprosy drug in the dosage of 100 mg. per 
day is a great landmark in the history of the 
disease (Lowe 1952). Even so, chemotherapy 
of leprosy lagged behind the chemotherapy of 
tuberculosis and other bacterial diseases 
because until the year 1960 M. leprae the 
causative organisms could not be cultured 
either in the test tube or in an experimental 
animal. Any drug that had to be tested had 
to be tried only in leprosy patients. 


It is known that M. leprae that are killed 
by the drug remain in tissues for a long time. 
The organisms have a half life of about 100 
days in lepromatous leprosy (Ridley 1964 ; 
Shepard et al 1968). Therefore, the imme- 
diate effect of the drug cannot be estimated 
by just assessing the bacillary population. 
Recently it has been found that effective anti- 
leprosy drugs produce granulation and 
fragmentation of bacilli and these granular 
bacilli cannot be cultured in the footpads of 
mice (Shepard and McRae 1965). The 
efficacy of a drug therefore is assessed by 
determining the Morphological Index (M.I.) 
which is the percentage of solid or uniformly 
stained bacilli (Waters and Rees 1962). 


There are many advantages in using 
Diamino Diphenyl Sulphone (D.D.S.) : 


(1) It is given orally in tablet form in a 
dosage of 50 to 100 mg. once daily and there- 
fore is easily administered. 


(2) The complications directly related to 
the drug even after long periods of treatment 
are very few and therefore medical super- 
vision required is minimal. 

(3) The cost of the drug is only Rs. 5.00 
to Rs. 10.00 per year per patient and is 
therefore very cheap. 

(4) It is now known that within 6 months 
of treatment no cultivable bacilli* can be 


(* In the mouse foot-pad—Editor). 


isolated from most of the 


patients. 


lepromatous 


(5) Most, if not all, patients getting regular 
antileprosy treatment will ultimately become 
negative for bacilli. However, due to certain 
unusual features of the disease it may take 
more than 5 years to achieve complete 
negativity (Lowe 1954 ; Roy 1956). 


Therefore D.D.S. resistant leprosy is a 
serlous drawback in the management of 
leprosy. 


D.D.S. RESISTANT LEPROSY 


Clinical evidence of D.D.S. resistant leprosy 
was available even as early as 1953 (Wolcott 
and Ross 1953). The presence of resistant 
strains was proved beyond doubt using experi- 
mental methods only in 1964 (Pettit and Rees 
1964). Since then several reports of D.D.S. 
resistant strain of M. leprae from different 
countries have appeared (Adams and Waters 
1966 ; Rees 1967; Jacobson 1973 ; Taylor 
et al 1974). 


Resistance to D.D.S. was initially suspected 
following repeated clinical and bacteriological 
examinations when no improvement was 
noticed despite a fairly long period of 
treatment. Then it was confirmed using 
mouse footpad culture techniques. The 4 
groups of animals used for the experiment 
are given injections into their foot pads of 
10* M. leprae isolated from the patient suspec- 
ted of D.D.S. resistance. Three groups of 
these animals are given food pellets containing 
0.01 per cent, 0.001 per cent, and 0.0001 per 
cent of D.D.S. respectively. The fourth 
group are used as control animals and are 
given normal diet. At the end of 6, 8 and 
10 months, animals from each group are 
sacrificed and bacilli are harvested from the 
foot pads. If the organisms are found to 
grow in all animals given D.D.S. in food, and 
controls, the organisms belong to a highly 
resistant strain. If the organisms grow only 
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in control animals they are of a strain highly 
sensitive to D.D.S. If they are found to 
grow in control animals and in those receiving 
low concentrations of D.D.S. in the diet the 
organisms are fairly sensitive to D.D.S. 


In our experience in South India with 39 
patients, 6 experiments failed in that no 
growth was obtained in all 4 groups of mice. 
Fourteen were found to be highly sensitive 
to D.D.S. Seven were mildly sensitive to 
D.D.S. and 12 were resistant (Taylor et al 
1974). 


Waters et al (1975) have detected 98 patients 
from Malaysia resistant to D.D.S. using 
experimental methods. Clinical evidence of 
resistance was seen from 5 to 24 years after 
D.D.S. treatment. More than 2/3 of patients 
remained negative for many years before 
relapsing with D.D.S. resistant strains of 
bacilli. Low dosage and _ intermittent 
administration of D.D.S. favoured sulphone 
resistance. 


In our experience 6 of the 12 from whom 
resistant strains were isolated had episodes of 
reaction and were given intermittent D.D.S. 
Some had low dosage of D.D.S. for varying 
periods. The resistant strains were isolated 
4 to 30 years after commencement of 
_ treatment. It is interesting to note that there 
was also an instance of a patient who had 
D.D.S. 100 mg. regularly and remained 
negative for 12 years and then relapsed with 
organisms resistant to D.D.S. 


D.D.S. resistance has also been reported 
from other parts of our Country (Chaudhury 
and Desikan 1975). There is no doubt that 
there are significant number of patients in 


different parts of our country who are D.D.S. 
resistant but are not detected for lack of 
adequate facilities. However, it must be 
pointed out that although D.D.S. has been in 
use for over 25 years the resistant strains of 
M. leprae now known in our country are a 
small number. The main reason may be that 
the dosage of D.D.S. given is 50 to 100 mg. 
per day which is 50 to 100 times the effective 
dosage against M. leprae. 


Although primary resistance to D.D.S. is 
not yet reported, the possibility of emergence 
of it soon cannot be disputed. + 


It is important to treat patients with 
combinations of drugs to reduce incidence of 
drug resistance. Combined therapy in mice 
have been reported (Shepard 1972). Dapsone, 
Clofazimine, Ethionamide when _ tested 
individually had bactericidal activity and in 
combination potentiated each other’s action. 
But no human experiments on combined 
therapy are reported. Patients under treat- 
ment with D.D.S. will have to be regular in 
taking treatment as long as necessary and the 
dosage used must be more than 50 mg. of 
D.D.S. per day. 


It is also important and necessary to find 
new drugs that are cheap and easily adminis- 
tered to supplement D.D.S. It may not be 
very long before primary resistance to D.D.S. 
may emerge and there may be increasing 
number of patients who may not respond to 
D:D.S. 


Further a method of treatment which will 
eliminate killed bacilli quickly from the body 
without producing harmful results should also 
be evolved. 
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THE CLINICAL ASPECTS OF DAPSONE RESISTANCE 


ROBERT R. JACOBSON 


INTRODUCTION 


It was probably a typical hot, humid, 
summer day in the early 1930°’s when a 
young Caucasian male with lepromatous 
leprosy was admitted to Carville for the 
first time. The diagnosis had been established 
two years earlier, and in the interval he had 
been on therapy with Chaulmoogra Oil with 
relatively poor results, and it is for this reason 
that he was referred here. Since nothing else 
was available to treat him, oral and injectable 
Chaulmoogra Oil were ordered for the patient 
and for a time he seemed to respond. Later 
his disease progressed in spite of continued 
therapy, however, and he gradually lost most 
of his sensation and eye sight. In the early 
1940’s he was among the first to receive the 
then new “wonder drug” for leprosy, the 
sulfones. His response was dramatic and over 
the next nine years his disease improved to the 
point of becoming inactive. Unfortunately, 
in spite of the fact that he continued on 
sulfoxone sodium as a prophylactic measure 
his disease reactivated a year later, and was 
no longer responsive to sulfone therapy. 
He was given other drugs but eventually died 
of renal failure, undoubtedly resulting from 
his longstanding active leprosy. This gentle- 
man was probably the first, or certainly one of 
the first, patients infected with sulfone resis- 
tant bacilli. 


In early 1972, a middle-aged Mexican- 
American male was admitted to Carville for 
the first time for initiation of therapy of 
recently diagnosed active border line leprosy. 
Routine mouse footpad drug sensitivity 
studies carried out prior to the start of dapsone 
revealed that some of this patient’s bacilli 
appeared to be resistant to dapsone at the 
0.0001 % and 0.001% level of the drug in the 
diet of the mouse. This patient insofar as I 
know represents the first case where evidence 
of primary sulfone resistance was found on 
mouse footpad studies. 


It has taken over three decades, but it now 
appears that we are in danger of losing one 
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of our most effective weapons in the war 
against leprosy—the sulfones. What could 
we have done, and more important, what 
can we do now to prevent this? 


HISTORICAL DEVELOPMENT OF PRE- 
SENT DAY ATTITUDES TOWARDS 
SULFONE THERAPY 


Since one can hopefully learn from past 
mistakes, I think it would be worthwhile at 
this point to go back thirty-six years and 
trace the development of our present attitudes 
towards the sulfone therapy of leprosy. 
In this way we may be able to better answer 
such questions as: To whom should they 
be given; in what dosage, alone or in com- 
bination therapy; and for how long, and 
thereby stem the tide of sulfone resistant 
cases that threatens to engulf us. 


The sulfones as a chemical entity has been 
known since 1908, but it was not until the late 
1930’s that medicine first took an interest in 
them because of their structural similarities to 
the earliest major antimicrobials, the sul- 
fonamides. They were found to have a spec- 
trum of activity similar to the sulfonamides, 
but unfortunately appeared to be too toxic 
for use against common bacterial infections 
because of the doses required. Later they 
were found to be effective against Mycobac- 
terium lepraemurium and Mycobacterium 
tuberculosis infections in animals, and al- 
though they ultimately proved to be only 
mildly active against human tuberculosis 
infections this work stimulated interest in 
their possible usefulness against infections 
caused by other Mycobacteria—in particular 
leprosy. 


In March 1941, then Faget and others 
undertook their now well known investiga- 
tion of the activity of the sulfones against 
leprosy. They treated twenty-two patients 
with progressive borderline or lepromatous 


leprosy and obtained good results in twenty- 
one, the only poor result being in a patient 
with progressive renal failure and severe 
reaction who received treatment irregularly. 
This work helped to establish the sulfones 
as the treatment of choice in leprosy and 
this is a position which they have never 
relinquished. Eleven of these original 
twenty-two cases are, by the way, still living. 
Eight continue to have active disease and 
five of these are known to be infected with 
sulfone resistant bacilli and the other three 
probably are. Three others harbored sul- 
fone resistant bacilli at the time they died. 
This would give us a 50% incidence of sulfone 
resistance in this group and the figure might 
have been even higher had the other eleven 
lived longer. 


Sulfone resistance was then of course far 
in the future, but although they were pleased 
with the results observed, several obvious 
problems were noted. First of all, although 
patients improved it was slower than that 
observed with anti-microbial therapy of al- 
most any other disease. Secondly, if you 
stopped treatment the disease tended to 
relapse. Thirdly, although they had seen 
reactions before they now saw them more 
frequently, and finally Promin had to be 
given intravenously and oral therapy was 
obviously needed to make the treatment 
practical. Thus, over the ensuing years the 
dose of Promin was varied considerably and 
multiple new drugs were tried, but none 
proved to be successful on a long term basis, 
and in fact, until clofazimine was added in 
1965, the only important anti-leprosy agents 
to be placed on Carville’s Formulary were 
two other sulfones, sulfoxone sodium 
[Diasone(R)] and dapsone. The dosage of 
Promin employed in the 1940’s ranged from 
a fraction of a gram daily to the fifteen grams 
daily (5 grams three times daily) employed 
in the so called “‘intensive promin” regimen. 
With diasone the dose was one-third of a gram 
three times daily and it is apparent that early 
in the sulfone era the inclination was to use 
higher doses though they did recommend 
a rest period of a week or more at regular 
intervals to avoid toxicity and “rest” the 
patient. Unfortunately it also allowed M. 
leprae to “rest”. With the passage of time, 
however, the dosage employed gradually 
decreased for two reasons. First of all, 
initially the results of therapy seemed to be 
the same whether low or high doses were 
employed, and they reasoned that the danger 
of toxicity would be reduced with lower 


doses, though in fact they had relatively 
little in the way of toxicity problems with 
higher doses (some things such as renal 
amyloid or — glomerulonephritis were 
occasionally falsely attributed to sulfone 
therapy). Secondly, leprous reactions of all 
types were (we now know incorrectly) attri- 
buted to the “‘toxic’’ effects of the sulfones 
and it was hoped that by starting the drug 
cautiously, lowering the maintenance dose 
or stopping therapy during severe reactions, 
the problem with reaction could be minimized. 
Unfortunately, neither they nor most others 
working with leprosy chemotherapy at that 
time ever evaluated this hypothesis in a well 
controlled trial. In the late 1950’s, however, 
a number of patients began to show a 
diminished response to the sulfones and 
counter to the trend these were given higher 
doses again. Then in the 1960’s Shepard 
developed his now well known technique for 
growing bacilli in the footpads of mice thereby 
offering us the means of doing drug sensitivity 
testing on M. leprae isolated from patients. 
This demonstrated for the first time in the 
laboratory that many of those treated early 
in the sulfone era were now infected with 
sulfone resistant bacilli. It also showed that 
M. leprae from untreated patients were 
incredibly sensitive to dapsone and paradoxi- 
cally for a time accelerated the trend toward 
low dose sulfone therapy for leprosy. 


Although the recommended dose of 
dapsone for lepromatous leprosy at Carville 
never got below 300 mg. per week, very low 
doses of the drug were used on a trial basis 
elsewhere. In general, the long term results 
of these trials were disappointing. Perhaps 
the best of them was that in the Karamui 
District of New Guinea utilizing DADDS. 
After three to five years of therapy relapse, 
or at least a cessation of improvement, was 
seen in some of the more active cases and it 
was concluded that DADDS alone was un- 
suitable therapy for multibacillary disease 
(Ref. 1). 


Let us now consider briefly this trend to- 
ward lower doses of the sulfones from several 
different points of view to see if there was 
really any justification for it. First of all 
one might consider’ cost. Fortunately 
dapsone is one of the least expensive drugs 
available and cost probably was never a 
significant factor in this trend. Secondly, 
from the point of view of side effects there 
was likewise little justification to go to lower 
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doses. After over thirty years of usage and 
countless millions of doses, dapsone appears 
to be a relatively safe nontoxic drug even with 
the maximal doses used to treat this disease. 
Thirdly, there is the question of reaction and 
its relation, if any, to dosage. The question 
to be answered is, do the sulfones need to be 
started in very low doses and then gradually 
worked up to the desired therapeutic level? 
Originally, patients had been started on full 
doses of Promin or Diasone at Carville, but 
ultimately problems with reaction developed 
in many patients, and eventually the hypo- 
thesis was formulated that this problem 
might be avoided by the use of very low doses 
at first, and then increasing them slowly. 
This then became the standard practice at 
Carville, and many other areas of the world. 
As mentioned previously, as far as I can tell, 
no one ever evaluated this hypothesis in 
any well controlled trial, and a review of many 
of the old charts at Carville has demonstrated 
no particular benefit of this approach over 
the earlier one of starting full doses at once. 
More serious, however, was the fact that 
this same philosophy dictated that the dose 
of the sulfone be reduced or eliminated when 
severe reactions developed, and the iatrogenic 
irregular or prolonged low dose therapy that 
resulted with its coincident effect on patient 
attitudes is one of the reasons for the existence 
of a problem with sulfone resistance today. 
During the last decade this approach has 
gradually been abandoned at Carville for 
several reasons. In the first place, a number 
of studies have been done which, though 
representing adherents of both sides of the 
issue, in general demonstrate no benefit to 
beginning therapy with low doses of sulfones. 
Furthermore, the low dose approach is illogi- 
cal if one considers how other anti-leprosy 
drugs are employed. Over the years Thiam- 
butosine, streptomycin, clofazimine, ethio- 
namide, and rifampin have all been used at 
Carville and in each instance these drugs were 
given in full doses from day one. No imme- 
diate reaction ever resulted and when re- 
actions did occur, they were (with the excep- 
tion of those on clofazimine which were 
milder) in general about as common and of 
the same degree of severity as those seen with 
the sulfones. Rifampin kills M. leprae more 
rapidly and the others with about the same 
degree of rapidity as the sulfones—why then 
were we so cautious with this oneclass of drugs? 
To answer this question, we began our own 
trials utilizing full doses of the sulfones from 
day one. Since 1971, nearly all lepromatous 
cases have been started on dapsone or dapsone 
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with rifampin in full doses. We as yet have 
had no instances where an immediate reactive 
episode resulted and when reactions did occur 
several months after the start of therapy, 
they were no more frequent or severe than 
those observed in the past. Within the past 
year we have also began starting most non- 
lepromatous cases on full doses. To date 
we have had no immediate reactions, and 
again when they have occurred they are no 
more frequent or severe than those observed 
previously. Unfortunately, the great majority 
of patients we see have lepromatous disease 
so our numbers are small. The findings, 
however, are in agreement with those 
recently reported by Barnetson, Pearson, and 
Rees in the Lancet on sixty-eight Ethiopian 
patients (Ref. 2). Thus, at this time we 
feel it is safe to start most leprosy cases on 
full doses of the sulfones. This markedly 
simplifies therapy for physicians who treat 
few cases or for paramedical workers provi- 
ding treatment in the field. The only danger 
with this approach would be the precipita- 
tion of a severe episode of hemolysis in some 
G-6PD deficient patients. This could be 
avoided with routine screening tests for G- 
6PD deficiency prior to treatment. 


Finally, consider the metabolism and mode 
of action of the sulfones. Dapsone appears 
to be the only active form and the other 
sulfones are probably effective only insofar 
as they are converted by the body to this drug. 
Some patients (rapid acetylators) inactivate 
dapsone faster than others, but this is probably 
not important insofar as the likelihood of 
developing sulfone resistance is concerned 
(Ref. 3). The drug does have a relative 
long half-life (a day on the average) and it is 
this characteristic along with the low minimal 
inhibitory concentration of the drug for 
M. leprae that undoubtedly allowed us to use 
relatively low oral doses and broken schedules 
of administration (one to several days per 
week) for so long without getting into trouble 
with sulfone resistance sooner. Insofar as 
the mode of action of the sulfones is 
concerned, they are bacteriostatic and act 
via competitive inhibition with para amino- 
benzoic acid for an enzyme involved in the 
De Novo folate synthesis pathway of M. 
leprae. In such a process the degree of 
inhibition is then proportional to the con- 
centration of the inhibitor, that is the sulfone 
related to the concentration of the natural 
substrate, namely para aminobenzoic acid. 
The exact mechanism by which resistance 
develops is uncertain, but it probably occurs 


by a step wise process of mutation with the 
first generation mutants having only a low 
level of resistance and succeeding mutations 
gradually raising this level of resistance until 
a point is reached where only toxic sulfone 
levels would prevent growth of M. leprae. 
This is the pattern seen in many of our early 
sulfone resistant cases. Their bacterial load 
increased with progression of their disease, 
but this process was inhibited by higher doses 
of dapsone. Then later they became resis- 
tant to these with progression of their disease 
once more. At the point where possibly 
toxic levels of sulfones were needed to control 
the problem, we were forced to change their 
therapy initially to streptomycin and later to 
clofazimine. 


This process can be followed nicely in the 
mouse footpads where initially resistance 
to the 0.0001 % level of dapsone in the diet of 
the mouse occurs. Later, resistance to the 
0.001°%% level and still later to the 0.01% 
level develops. At that point, their bacilli 
have in effect become fully sulfone resistant 
and further sulfone therapy is useless. The 
time for this progression from low levels 
of sulfone resistance to full resistance varies 
from patient to patient for reasons that are 
not clear. Our early data would indicate that 
this interval can be as short as one year or as 
long as seven or more years. It is thus clear 
that it would in theory, at least, be desirable to 
maintain dapsone levels at a high enough 
concentration to inhibit not only the original 
M. leprae population but also the first, second, 
third, etc. step mutants if one wanted to make 
a maximum effort to avoid the development 
of fully sulfone resistant strains. 


CLINICAL FINDINGS IN SULFONE 
RESISTANT CASES 


A review of Carville’s more than 150 cases 
infected with sulfone resistant bacilli and a 
suitable group of controls has shown that with 
but few exceptions two factors were important 
insofar as the likelihood of this event 
occurring. That is, irregular intake of the 
sulfones and/or prolonged low dose therapy. 
By irregular therapy here we mean multiple 
breaks of one month or more in treatment and 
not just occasional missed doses. In fact, 
most of the periods off therapy were of 
several months or more duration. These 
were usually due to patient indifference, but 
many were iatrogenic; that is, were prescribed 
by the physician in the hope of controlling 
severe episodes of reaction. Prolonged low 
dose therapy, on the other hand, means 


intervals totaling a year or more where the 
dose of the sulfone used was maintained at a 
level equal to less than 100 mg. of dapsone 
or its equivalent in other sulfones per week. 
The interval from the start of sulfone therapy 
to the time of appearance of sulfone 
resistant strains has ranged from five years 
to over twenty years with an average of about 
seventeen years and the process as noted above 
is a step-wise one. It is undoubtedly this 
steadily increasing problem with sulfone 
resistance that has been the major factor in 
reversing the trend toward ever lower doses 
of dapsone mentioned earlier. 


The following are typical case histories 
taken from our medical records. The first 
patient noted the onset of his disease at age 12. 
It was originally mis-diagnosed as acne, but 
eventually a diagnosis of lepromatous leprosy 
was established and he was referred to Carville. 
He was treated with 330 mg. of sulfoxone 
sodium daily and his disease became inactive 
in about eight years. He has minimal 
deformity of kis hand as a result of his disease 
but works full time. He has contined his 
Diasone and his disease remains inactive 
15 years later. The second case is a Chinese 
male who developed his disease while living 
in New York City. He took Chaulmoogra 
Oil at first, but when it ceased to have any 
effect in 1954 he came to Carville. He was 
treated at first with sulfoxone sodium 330 mg. 
daily and later with dapsone in a dose of 
100 mg. four times weekly. His disease 
became inactive in 1960. He continued his 
dapsone, but in 1970, his disease reactivated 
and his bacilli were found to be sulfone resis- 
tant up to and including 0.01% Dapsone level 
in the diet of the mouse. That is, they were 
fully sulfone resistant. The third case came 
to Carville for the first time in 1958. She 
had lepromatous disease and was started on 
dapsone in a dose of 100 mg. six times weekly. 
She has been in and out of Carville many 
times since then and in the interval she was 
usually off therapy, and in fact had over twelve 
periods of more than one month off therapy. 
In 1970, her disease became progressive in 
spite of continued dapsone therapy and her 
bacilli were found to be fully resistant to 
the drug on the mouse footpad study. The 
fourth case was first admitted to Carville in 
1963, with active lepromatous leprosy. She 
had a severe problem with ENL eventually 
develop, and over a period of several years 
was treated with an average of about 50 mg. 
of dapsone per week. In 1971 her disease 
became progressive in spite of continued now 
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high dose dapsone therapy, and a mouse foot- 
pad study showed that bacilli isolated from 
this patient were now fully sulfone resistant. 
The last case was admitted to Carville in 
1975 with relatively early nodular lepromatous 
leprosy. He had a mouse footpad drug 
sensitivity study started and was discharged 
on 100 mg. of dapsone daily. He returned 
for follow up in five months. Though his 
lesions had flattened slightly, his BI on skin 
scrapings was unchanged and the MLI still 
ran as high as 2%, findings which led us to 
question whether he had indeed been taking 
his dapsone as prescribed. He stated that 
he had done so and a blood sulfone level 
confirmed that at least at the time of his 
return he was indeed taking it. He was 
discharged to return when the drug sensitivity 
results became available. Two months later 
his mouse footpad studies returned and 
demonstrated evidence of resistance at even 
the highest level of dapsone (0.01%) in the 
mouse’s diet. 


These cases then represent the five different 
categories into which most lepromatous 
patients treated with the sulfones ultimately 
fall. The first represents the ideal and usual 
case. He was treated, his disease became 
inactive, and remained so on prophylactic 
Diasone. The second case represents perhaps 
the most frustrating aspect of sulfone therapy, 
and also fortunately the least common type. 
He took his therapy, his disease became 
inactive, and he continued faithfully on pro- 
phylactic dapsone. In spite of this his disease 
reactivated and was found to be sulfone 
resistant. Case three represents the more 
typical sulfone resistant case. She takes her 
therapy very irregularly or in low doses. 
Many of these do have their disease become 
inactive, but eventually they pay the price 
of their unconcern and their disease becomes 
sulfone resistant. The fourth case represents 
iatrogenic sulfone resistance. That is, its 
development was aided and abetted by the 
prescription of doses of dapsone that were 
much too low. The last case illustrates the 
problem with primary sulfone resistance. 
There are no clinical findings to indicate that 
the infection might be caused by sulfone 
resistant bacilli and the history is usually of 
no assistance because the case was newly 
diagnosed and had, therefore, never been 
treated before. When the case does not 
respond appropriately to treatment, the usual 
suspicion would be (as it was in this case) 
that the patient had just not taken his medi- 
cine as prescribed. The mouse footpad 
studies, of course, ultimately demonstrated the 
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real reason for his poor response; that is, 
infection with sulfone resistant bacilli. 


What clinical findings in any case should 
make one consider that the patient may be 
harboring sulfone resistant bacilli? First 
of all would be relapse in the face of apparent 
adequate sulfone intake. Secondly, a history 
of more than one year of low dose dapsone 
therapy; that is, 100 mg. or less per week. 
Thirdly, prolonged irregular sulfone intake. 
Fourthly, failure to attain bacterial negativity 
on skin scrapings and biopsy after more than 
ten years of apparently adequate sulfone 
therapy and, lastly, when relapse occurs in 
an older case or a newly diagnosed case 
is found after either has had prolonged contact 
with a known sulfone resistant case. Many 
of you familiar with the management of 
leprosy cases will, of course, be aware that 
relapse in the face of apparent adequate 
sulfone intake is in the majority of instances 
due to either inadequate intake or no intake 
at all. The point here however is that if this 
is so, then we are, in fact, dealing with 
irregular or low dose sulfone intake and these 
patients are prime candidates for the develop- 
ment of sulfone resistant disease in the future 
even if they have not already done so. 


Examination of the skin may reveal 
the histoid type of lesions, but there is little 
else to set lesions caused by sulfone resistant 
bacilli apart from those caused by sulfone 
sensitive ones except that in the usual sulfone 
resistant case the lesions will be on skin show- 
ing evidence of old treated disease. I also 
have the impression that the disease is more 
rapidly progressive in the average sulfone 
resistant case than in sulfone sensitive ones, 
but I have no statistics to prove this, and the 
growth kinetics in the mouse footpad system 
are no different: Almost all of our sulfone 
resistant cases are lepromatous, but we have 
had a few borderline ones. In the case of 
primary sulfone resistance it could take any 
form, and we thus might see it in tuberculoid 
or indeterminate cases. This fact should be 
kept in mind especially by those working in 
areas with large numbers of known sulfone 
resistant cases or where the sulfones have 
been used to treat leprosy for more than 
15 years. 


THE DIAGNOSIS OF SULFONE RESIS- 
TANCE 


Since a diagnosis of infection by sulfone 
resistant bacilli will necessarily lead to the 
abandonment of the least expensive, and 


probably best, drug we have to treat this 
disease it should be made with great care. 
Ideally each case should have mouse footpad 
confirmation, but this is not practical in many 
areas of the world and, in fact, clinical suspi- 
cion of sulfone resistance by a physician fami- 
liar with the disease usually correlates very 
well with mouse footpad studies. If a 
patient’s disease progresses in spite of a known 
adequate sulfone intake, then he can be consi- 
dered to be infected with sulfone resistant 
bacilli. Insofar as the known adequate sul- 
fone intake is concerned, it would be best 
if this were in the form of an injectable 
sulfone. In lieu of this, supervised oral 
intake or random blood sulfone measurements 
would probably suffice. 


THE TREATMENT OF SULFONE RESIS- 
TANT LEPROSY 


The treatment of sulfone resistant disease 
will be covered by other sections of this text, 
and I will mention only that nearly all patients 
at Carville infected with sulfone resistant 
bacilli are being treated with clofazimine 
alone, clofazimine plus ethionamide, or rifam- 
pin plus ethionamide. Rifampin should 
never be used alone to treat these cases since 
we have now had three of our cases on 
rifampin monotherapy relapse with rifampin 
resistant strains of M. leprae (Ref. 4). Per- 
haps clofazimine should also always be used 
in combination with another drug although 
we have had patients on it as monotherapy 
for up to twelve years now with no evidence 
of resistance having yet appeared. 


THE PREVENTION OF SULFONE RESIS- 
TANT DISEASE 


What might we do to prevent or at least 
reduce the incidence of sulfone resistant 
leprosy? First of all it makes sense to treat 
patients at all only if they can be treated 
properly. This means that follow up must 
be continued as long as is necessary to see 
that therapy is maintained—possibly for life 
with lepromatous cases. Secondly, dapsone 
should be given in full doses from day one of 
therapy and reduction of the dose or discon- 
tinuation of it should be avoided under any 
circumstances including reactive episodes. 
By full doses of dapsone I mean at least 50 and 
preferably 100 mg. of the drug daily in an 
adult. Thirdly, it is probably best to use 
dapsone in combination with one other drug 
for multibacillary disease. I say, “probably”, 
because at this point we have no proof that 


the long term benefits of combination drug 
therapy will surpass those achieved with 
monotherapy, nor do we know which of the 
many possible combinations avaialble is most 
efficacious. The incidence of the sulfone 
resistant infections among our lepromatous 
patients is now in the vicinty of 10%. These 
as noted previously have occurred after an 
interval averaging 17 to 18 years from the 
start of therapy and the incidence might be 
considerably lower had all these patients 
been treated regularly with full doses of 
dapsone. Nonetheless, it is desirable to 
find other ways to reduce this incidence still 
further, both to avoid the damage to the 
patient that prolonged activity of their disease 
can produce and also to avoid an epidemic 
of primary sulfone resistant cases resulting 
from contact with these patients. For this 
purpose, combination therapy by analogy with 
the treatment of tuberculosis would seem to 
be the logical path to follow. As an added 
bonus it hopefully might reduce the length 
of treatment required by a lepromatous case 
from life to some finite number of years. 
Finally, there is the matter of patient 
education. Unless a patient knows something 
about his disease, why it is being treated, 
and what to expect from treatment in the way 
of reactions, clearance of his skin lesions, 
etc., he will be unlikely to cooperate fully 
with his doctors. The aspect of patient care 
cannot be emphasized enough because if the 
person responsible for the patients’ care does 
not provide him with what he needs to know 
about his disease, older patients will offer 
him endless bad advice. A short time spent 
on patient education at the start of treatment 
will return benefits to the patients and leprosy 
control program for many years to come. 


SUMMARY 


Sulfone resistant leprosy has become a 
problem of steadily increasing magnitude 
over the past 15 years. It should be sus- 
pected in any patient whose disease relapses 
on appropriate therapy. Most cases will 
have a history of irregular intake of the sul- 
fones or prolonged low dose sulfone therapy. 
Mouse footpad confirmation of the diagnosis 
is desirable, but impractical on a large scale 
and unnecessary in the usual case. Regular 
intake of full doses of dapsone, perferably 
in combination with another anti-leprosy 
drug, holds the greatest promise at this time 
of halting what is rapidly becoming a problem 
of epidemic proportion. 
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LEPROSY 


CHAPMAN H. BINFORD, WAYNE M. MEYERS 


Definition. Leprosy, a chronic infectious 
disease caused by Mycobacterium leprae, 
affects principally the cooler parts of the body, 
especially the skin, upper respiratory tract, 
certain peripheral nerves, testes, and the ante- 
rior part of the eyes. 


The Infectious Agent. The morphology and 
Staining of the leprosy bacillus resembles 
Mycobacterium tuberculosis, but M. leprae is 
less acid-resistant. Differing from other 
mycobacteria, it oxidizes D-dopa and after 
pyridine extraction loses its acid-fastness. In 
well developed lesions of lepromatous leprosy, 
the bacilli characteristically form compact, 
rounded intracellular masses (globi). Hansen 
first saw and described the leprosy bacillus in 


1873 and reported his observations in 1874 ; 
now, a century later, M. leprae still has not 
been acceptably grown in vitro. 


Prevalence and Epidemiology. The World 
Health Organization estimates that leprosy 
afflicts nearly 11 million people. The distri- 
bution is shown in Fig. 1. Today, most 
patients live in the tropics but leprosy is not a 
tropical disease; during the middle ages it 
prevailed throughout Europe. In the United 
States, most cases are reported from Cali- 
fornia, Florida, Hawaii, Louisiana, New York 
City and Texas. Approximately half of these 
patients were infected outside the USA. 
There are approximately 2,600 known 


patients in the USA; in 1974, 101 new cases 
were reported. 


hout the world 


Fig. 1. Leprosy throughout the world. AFIP 75-4786. (Courtesy of Drs. Luiz Bechelli and Dominguez 
Martinez. Published in WHO Bulletin, 34 : $811, 1966, Reprinted in WHO World Health, October 1971.) 
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Persons of any age may become infected, 
but in areas of high endemicity most cases are 
diagnosed in the first 3 decades. The opinion 
prevails that leprosy is spread by direct con- 
tact through the skin or the mucous mem- 
branes of the mouth or nose, without aid of 
an insect vector or an intermediate host. 
Patients with moderately advanced or 
advanced untreated lepromatous leprosy shed 
numerous bacilli from even minor abrasions 
and in nasal discharges. Patients with tuber- 
culoid or borderline-tuberculoid leprosy in 
reaction can also shed bacilli from lesions, 
however, it is doubtful that leprosy is trans- 
mitted from tuberculoid lesions which are not 
in reaction. The generally accepted incuba- 
tion period is 3 to 5 years but may be shorter 
orlonger. Most people resist infection. For 
instance, the attack rate of healthy spouses 
living with infected, untreated mates is usually 
given as 5 to 6%. Lara, in the presulfone 
era, at the large Culion Leprosy Hospital in 
the Philippines, studied children who had 
lived intimately with patients. In 1938, he 
reported early lesions in about 30%; most of 
these lesions healed spontaneously, and chro- 
nic progressive leprosy developed in only 
about 8%. 


Members of the U.S. Armed Forces serving 
in countries where leprosy is endemic occa- 
sionally become infected, but lesions may not 
be apparent for many years. During the 
period 1940 through 1968, 46 known infec- 
tions were reported in U.S. veterans who had 
not lived in endemic areas prior to entering 
military service. 


Transmission to Animals. Shortly after 
Hansen discovered the leprosy bacillus, nume- 
rous attempts were made~to transmit leprosy 
to several different species of animals. In 
1958, Gunders in Liberia inoculated a chim- 
panzee intravenously with M. leprae. After 
11 months numerous dermal lesions deve- 
loped; they contained acid-fast bacilli and 
histopathologically resembled borderline lep- 
rosy. This was probably the first successful 
transmission of human leprosy to an animal. 
Successful transmission to rodents was not 
achieved until investigators became aware that 
in man the leprosy bacilli grew best in tissues 
with temperatures several degrees lower than 
that of internal organs. 


In 1960, Shepard demonstrated multiplica- 
tion of M. leprae in foot pads of mice. Bin- 
ford (1961) reported mild lesions-in the ears 
of golden hamsters, and later, in ears and foot 
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pads of Chinese hamsters, cotton rats, and 
Mystromys. Infection of nerves, a charac- 
teristic feature of human leprosy, was also 
present in these rodents. Rees and associates 
(1966) reported macroscopic and disseminated 
lesions in mice immunosuppressed by thy- 
mectomy and total body irradiation (900r). 


In 1971, at the-Gulf South Research Insti- 
tute in New Iberia, Lousiana, an armadillo, 
Dasypus novemcinctus, developed a_ severe 
disseminated infection which closely resem- 
bled lepromatous leprosy. Storrs subse- 
quently reported that as determined by biopsy 
or autopsy, about 40% of inoculated arma- 
dillos developed infections; at the AFIP, 
histopathologic studies on 30 armadillos con- 
firmed the disseminated lepromatous-like 
nature of these infections. Nerves in infected 
armadillos contained acid-fast bacilli. The 
susceptibility of the armadillo to M. leprae is 
unique and probably related to its body 
temperature of 32 to 35C. This is the tempe- 
rature range of human tissue in which M. 
leprae flourishes in a susceptible patient. 


Fig. 2. Leprosy in the nine-banded armadillo. 
Nodule in deep skin of an armadillo inoculated 
intravenously 26 months before autopsy. The 
macrophages are packed with acid-fast bacilli. 
Fite-Faraco, X660, AFIP 74-12218. 


Classification and Clinical Features. 
Leprosy has been classified into two principal 
types—lepromatous and tuberculoid— 
representing opposite poles of the patient’s 
immunologic response. An _ intermediate 
form, called borderline (dimorphous), deve- 
lops in patients whose cellular resistance lies 
between the 2 major types. When the dis- 
ease is too early or two mild for classification, 
it is called ‘indeterminate leprosy’’. 


Ridley and Jopling have developed a practi- 
cal classification of leprosy based on clinical, 
bacteriologic, and histopathologic observa- 
tions correlated with lepromin reactivity. As 
a result of their studies the following principal 
groups have become well recognized: Lepro- 
matous (LL), borderline-lepromatous (BL), 
borderline (BB), borderline-tuberculoid (BT), 
and tuberculoid (TT). 


In lepromatous leprosy, cellular resistance 
against M. leprae is minimal. Bacilli multi- 
ply abundantly within macrophages causing 
swelling of the skin by their sheer numbers. 
In tuberculoid leprosy, cellular immunity is 
pronounced and manifested by an extensive 
epithelioid cell and lymphocytic reaction, even 
though only a few bacilli are present. Clini- 
cally and histopathologically, borderline lep- 
rosy has characteristics of both tuberculoid 
and lepromatous leprosy. Even when the 
lesions and histopathologic features are not 
sufficiently developed to permit classification, 
a diagnosis of indeterminate leprosy is possible 
if dermal nerves are invaded by acid-fast 
bacilli. 


Clinically, there are macular or infiltrated 
lesions in all the major classes of leprosy. 
The patient with lepromatous leprosy may 
present a variety of skin lesions that range 
from slightly erythematous or hypopigmented 
macules to papules, nodules, plaques, or diff- 
use infiltrations. The borders of lepromatous 
lesions are not sharply defined, and later, 
they become confluent. In some patients, 


virtually the entire skin becomes involved 


‘9. 3. Advance of lepromatous leprosy in a 13 year old Hawaiian in the presulfone era. The above 
Seraph poate the patient on admission in 1931. The photograph to the right was taken in 1933. 
Had sulfone drugs been available on admission, the disease would have not progressed but would have 
regressed and probably become bacteriologically negative after several years of treatment, AFIP 75-2479-2. 
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Fig. 4. Lepromatous leprosy in a woman from 
Uganda. Note nodules over the face, a genera- 
lized infiltration of the ear and loss of eyebrows. 
AFIP 69-3569, 


Fig. 5. Advanced lepromatous leprosy in a Hawa- 


lian girl, age 6. This patient who lived before 


sulfone was used would have a life expectancy of 


less than 3 years. _AFIP 75-15806. 
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Fig. 6. Lepromatous leprosy. Lepromatous in- 
filtrationf of ear of an adult Zairian man. The 
luxuriant growth} of bacilli in the ear in lepro- 
matous leprosy is probably related to the coolness 
of this area. AFIP 75-15603. 


Fig. 7. Lepromatous leprosy. There _ are 
advanced lepromatous lesions over most of the 
body, and gynecomastia in this adult Zairian man. 
Gynecomastia; seen frequently (6 to 19%) in 
chronic lepromatous leprosy, is most probably 
related to severe leprotic orchitis. AFIP 75-15600, 


(colour Fig. 1).- Loss of eyebrows, beginning and heat-cold discrimination are the most 
laterally, is common in advanced lepromatous useful routine tests for determining cutaneous 
leprosy and is a useful diagnostic feature. sensory changes. 


The lesions of early lepromatous leprosy 
are usually only mildly hypesthetic but, when 
advanced, may be anesthetic. Light touch 


Fig. 10. Tuberculoid leprosy. Advanced lesion 
showing well defined border and healed, repig- 


Q mented, anesthetic center in a Zairian woman. 
AFIP 75-15593. 


Fig. 8. Tuberculoid leprosy. An anesthetic 
plapue with well defined edges and scaly surface 
extends over the cheek and into the scalp in a man 
from Zaire. While the scalp is very resistant to 
other forms of leprosy, it may be involved in 
tuberculoid leprosy. AFIP 75-2905-1. 


Fig. 11. Ring lesions of tuberculoid leprosy in 
Caucasian patient in a period of reaction. The 
borders are papular, elevated, and erythematous. 
Within the rings the lesion has ‘‘burned out,” 
leaving atrophic anesthetic skin. AFIP 75- 
12821-1, 


The early lesions of tuberculoid leprosy are 


Fig. 9. Tuberculoid leprosy. Early lesion show- 


ing well defined papulated borders in a 12 year sharply oe aa erythematous, et 
old boy in Zaire. The lesion was anesthetic. hypopigmente ee es AD which Sensation 1s 
AFIP 75-15598. definitely impaired. As these lesions progress, 
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the borders become elevated and erythe- 
matous, while the centers are flat and hypo- 
pigmented. Repigmentation in the central 
areas of tuberculoid lesions is an indication of 
healing. 


Borderline lesions begin as macules or 
small plaques with elevated centers. Later, 
the central area may flatten and peripheral 
areas become elevated, circinate, or serpi- 
ginous. The borders are variable, sometimes 
well defined, and sometimes vague. Sensory 
changes are usually readily demonstrable. 
Borderline lesions with predominant tuber- 
culoid features are called borderline-tuber- 
culoid (BT) and, when, lepromatous changes 
are prominent, are classified borderline-lepro- 
matous (BL). 


Principally in patients of Mexican origin, 
there is a form of leprosy characterized by 
diffuse involvement of the skin without ele- 
vated lesions. This interesting variety of 
lepromatous leprosy is called Lucio or 
“spotted” leprosy. These patients may deve- 
lop a necrotizing obliterative vasculitis with 
multiple skin ulcers. This phenomenon was 
first described by Lucio and Alvarado in 1852 
(Color Fig. 8). 


In 1963, Wade described a form of lepro- 
matous leprosy with lesions resembling derma- 
to fibromas or neurofibromas. Most of these 


(A) 


Fig. 13. Histoid variety of lepromatous leprosy. A & B, dome-shaped, firm nodules of arms. 
A. AFIP 75-2629-2. B. AFIP 75-2629-1. 
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lesions were in patients who for many years 
had received only intermittent treatment with 
sulfone drugs. He called this the ‘thistoid” 


variety of lepromatous leprosy. Some autho- 
rities associate ‘‘histoid leprosy” with sulfone 
resistance but this relationship is not esta- 
blished. 


Fig. 12. Small artery in skin of ai patient with 
lepromatous leprosy of the Lucio variety. The 
obliterative leprotic vasculitis causes small trian- 
gular infarcts of the skin. See clinical lesions in 
Color 8. Fite-Faraco, X630, AFIP 57-9794-1. 


(B) 


Fig 13. C, numerous firm nodules of back. These 
lesions were in Filipino patients who had been 
irregularly treated with sulfone drugs for many 
years. C. AFIP 75-15876-1. 


ae ee 


Fig. 14. The histopathologic | pattern of inter- 
twined fascicles of spindle cells resembles that of 
dermatofibroma. X175, AFIP 75-15876-2. 


Reactions in Leprosy. Patients with lepro- 
matous leprosy may have acute exacerbations 
characterized by bouts of high fever, enlarge- 
ment and reddening of all lesions, enormous 
increases in bacilli and the development of 
new lesions. In tuberculoid leprosy, reac- 
tions are manifested by reddening and eleva- 
tion of lesions, the development of new 
lesions and are sometimes accompanied by 


Fig. 15. A Fite-Faraco acid-fast:stain of replicate 
section shown in Fig. 14. Solidly stained bacilli 
are arranged parallel to the long axis of the spindle 
cells. 530, AFIP 68-8626. 


painful neuritis. Lesions which previously 
contained no bacilli may, in reaction, contain 
many bacilli. Patients with tuberculoid lep- 
rosy may be infectious during reactions. 
Similar reactions are common in patients with 
borderline leprosy. Painful, damaging 
neuritis is a frequent serious complication of 
reactions in borderline leprosy. 


Erythema Nodosum Leprosum (ENL). In 
patients with lepromatous or near, lepro- 
matous leprosy, especially in those receiving 
effective chemotherapy, erythema nodosum 
may be a severe and disabling complication. 
This reaction, which is probably a manifesta- 
tion of immune complex formation, is charac- 
terizéd by the outcropping of many erythe- 
matous, deep, tender nodules in the skin. 
These nodules often disappear, in a}week or 
two. This reaction resembles erythema nodo- 
sum that complicates other diseases, but the 
special term, erythema modosum leprosum 
(ENL), is used. Recurrent attacks are com- 
mon (Color Fig. 7). 


The Lepromin Test. The lepromin test, 
introduced by Mitsuda in 1919, is performed 
by the intradermal injection of heat-killed 
M. leprae obtained from lepromatous tissue. 
Patients with lepromatous leprosy are non- 
reactive, but patients with tuberculoid leprosy 
have a papulonodular reaction which is maxi- 
mal in 3 to 4 weeks (Mitsuda reaction). 
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Fig 16. Lepromin reaction. This is a positive 
Mitsuda reaction in the forearm of a tuberculoid 
leprosy patient, four weeks after injection of 
lepromin. AFIP 55-12646. 


Histologically, the reaction is an epithelioid 
cell granuloma. In some tuberculoid patients, 
24 to 48 hours after the Mitsuda antigen 1s 
injected, an erythematous reaction resembling 
a positive tuberculin test develops (Fernandez 
reaction). 


Dharmendra prepared an antigen by extrac- 
ting chloroform-soluble material and bacilli 
from lepromatous tissue. When injected into 
the skin of tuberculoid patients, a local erythe- 
matous induration follows in 24 to 48 hours. 

A positive lepromin test to the Mitsuda or 
Dharmendra antigens denotes a cell-mediated 
reaction to M. leprae or its products. The 
lepromin test is very important in prognosis 
because it assesses the immunologic status of 
the patient. Most normal adults in all parts 
of the world react positively to lepromin. 
Because of these positive reactions in patients 
without leprosy, the use of the lepromin test 
as a diagnostic aid may lead to serious erro- 
neous diagnoses and even to malpractice 
actions. 


Histopathology. In lepromatous leprosy, 
early lesions show proliferating macrophages 
(histiocytes) around blood vessels, nerves, and 
dermal appendages. As the lesion progresses, 
the macrophages become filled with M. leprae 
and may eventually replace and thicken the 
dermis. Although the infiltrate may be mas- 
sive, a thin, uninvolved subepidermal ‘clear 
zone’ persists immediately beneath the basal 
layer. The infected macrophages are suppor- 
ted by a delicate stroma, and the lesion is 
supplied by a rich network of capillaries. 
Old, infected macrophages develop lipid 
vacuoles and appear foamy. Such macro- 
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The “clear 


Fig. 17. Lepramatous leprosy, skin. 

zone”’ separating the infiltrate from the epidermis is 

well demonstrated. The infiltrate consists of modera- 

tely foamy histiocytes. There are some round cells 

which suggest that the lesion was reactive when the 

biopsy was made. Numerous leprosy bacilli were in 
the histiocytes. X 145, AFIP 65-1653. 


phages characterize lepromatous leprosy and 
are called Virchow lepra cells. In developing 
lesions, bacilli are frequently arranged in para- 
llel bundles. Later, dense masses of bacilli 
(globi) replace the entire cytoplasm. When the 
wall of an infected cell degenerates, the released 
bacilli may coalesce to form large acid-fast 
masses; they may in turn be enclosed in giant 
cells (giant globi). In lepromatous leprosy, 
many bacilli are within small dermal nerves 
that are otherwise normal. They also invade 
the endothelial cells of capillaries and larger 
blood vessels, walls of blood vessels, arrec- 
tores pilorum muscles, and epithelial cells of 
of hair follicles. 


The lesions of erythema nodosum leprosum 
(ENL) are usually in the lower dermis and 
adjacent subcutis and consist of focal infiltra- 
tions of neutrophils and other inflammatory 
cells. An allergic type of vasculitis is usually 
present. There is no exacerbation of the 
lepromatous infection during the ENL reac- 
tion. 


In tuberculoid leprosy, the most charac- 
teristic feature is the infiltration of epithelioid 
cells and lymphocytes in cords or clusters. 
Langhans giant cells may be present. Lesions 


Fig. 18. Lepromatous leprosy, skin. Observe the 
numerous intracellular bacilli within the macro- 
phages. Fite-Faraco, X920, AFIP 56-19549. 


Fig. 19. Lepromatous nodule of skin. The infil- 
trate at this site has compressed the ‘‘free zone’’ 
but does not extend to the basal layer of the epithe- 
lium. The infiltrate consists of clearly defined 


slightly vacuolated histiocytes. X350, AFIP 


74-2725. 


of tuberculoid leprosy resemble Boeck’s sar- 
coid, noncaseating tuberculosis, and other 
diseases in which there are epithelioid cell 
granulomas. Usually, the upper dermal in- 
filtrates of tuberculoid leprosy extend into the 
papillary stroma and touch the basal cells of 
the epidermis, thus differing from lepromatous 
leprosy by the absence of a “clear zone”. 


Extensive epithelioid and mononuclear cell 
infiltration of dermal nerves is a distinctive 
feature of tuberculoid leprosy. Schwann 
cells may be prominent. Bacilli, if present. 
are usually within remnants of nerve fibers. 


Fig. 20. Lepromatous leprosy, skin. The arrow 
points to a vacuolated histiocyte containing a 
globus stained by hematoxylin. AFIP 75-15878. 


sans 


Fig. 21. Giant globus, lepromatous leprosy. 
When histiocytes containing globi disintegrate, the 
masses of old bacilli become a ‘‘foreign body” in 
a giant cell and are well demonstrated in H & E 
stained sections. X800, AFIP 57-5284. 


In some lesions, a search of many sections 
may be required to find a single bacillus. In 
reactive tuberculoid leprosy, however, bacilli 
may be readily found in the edematous epi- 
thelioid cell infiltrate. In some biopsy speci- 
mens from old tuberculoid lesions no nerves 
are seen. 


In the borderline group, a single section may 
contain macrophages with bacilli and focal 
aggregates of epithelioid cells. The nerves 
may reveal varying degrees of intraneural 
cellular infiltration, and frequently contain 
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Fig. 22. Old lepromatous leprosy. In very old 
lesions of leprosy, especially in patients who have 
been treated with effective drugs, the lesions 
histopathologically resemble xanthomas. X475, 


AFIP 54-18769. 


Fig. 23. In severe untreated lepromatous leprosy 
there may be Severe arteritis. In the thickened 
walls and subintimal tissues of this artery there 


were many bacilli. 
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X100, AFIP 74-12821-3. 


Fig. 24. Erythema nodosum leprosum (ENL). 
The arrow points to a necrotizing lesion. The 
lower dermis, under higher magnification, showed 
there was vasculitis accompanied by polymorpho- 
nuclear infiltrate. X14, AFIP 72-12475. 


Fig. 25. An early ENL lesion (72 hours) showing 
obliterative arteriolitis and dense inflammatory 
infiltrate, predominantly neutrophils. X115, AFIP 
64-1412. 


Fig. 26. Tuberculoid leprosy. Observe the dense 
infiltrate of the dermis that extends to the epi- 
dermis. The arrow points to a group of destroyed 
nerves which are shown at higher magnification 
in Fig. 27, x 13, AFIP 72-12492, 


Fig. 27. Higher magnification of lesion indicated 
by arrow in Fig. 26. The epithelioid cell cords 
contain remnants of nerve in which an occasional 
bacillus was seen. Dense lymphocytic infiltration 
surrounds the cords of epithelioid cells. X65, 
AFIP 72-12463. 


Fig. 28. The dense infiltrate shown in Fig. 26 is 
seen under higher magnification to be composed 
of epithelioid cells, Langhans giant cells, and lym- 
phocytes. Note that there is no clear zone as in 
lepromatous leprosy, but that the infiltrate extends 


to and erodes the basal layer of the epidermis. 
X84, AFIP 72-12465. 


Fig. 29. Tuberculoid leprosy. This epithelioid 
cell granuloma in the skin suggests sarcoidosis. 
X(approx.) 225, AFIP 74-12821-2. 


163 


bacilli. Bacilli are sparse or numerous, depen- 
ding respectively on the predominance of the 
tuberculoid or the lepromatous features. 
Accurate classification of the disease in 
patients with borderline leprosy is essential be- 
cause in these patients chemotherapy must be 
used judiciously to lessen the risk of neuritis. 


Fig. 30A. Borderline leprosy. Plaques and ring 
lesions suddenly developed in this Filipino patient 
about 3 weeks before this picture was taken. He 
had fever, and several peripheral nerves were tender 
and painful. AFIP 74-8485-2. 


Pe 


Fig. 30B. Borderline leprosy. Biopsy from mar- 
gin of a ring lesion of patient shown in Fig. 30A. 
There is no clear zone as in lepromatous leprosy. 
The infiltrate is neither clearly tuberculoid nor 
eck Bacilli were few. X145, AFIP 
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Fig. 30C. Borderline leprosy. Another area of 
section shown in Fig. 30B. Cells are somewhat 
suggestive of epithelioid type. The nerve shows 
very little histologic change. X530, AFIP 74-3145. 


Fig. 31. Borderline leprosy, midzone, with more 
tuberculoid features than’ shown in preceding 
illustrations. Observe a partly developed epithe- 
lioid cell granuloma. Nerves in this section 
showed mild round cell infiltrate and many phago- 
cytes with bacilli. X440, AFIP 72-12458. 


In indeterminate leprosy, the histopatho- 
logist may be able to diagnose only mild, non- 
specific, chronic dermatitis. There may be 
minimal round cell infiltration about small 
blood vessels or appendages. All small nerves 


Fig. 32. Lesion of indeterminate leprosy, leg of 
Filipino patient. The lesion now is flat and hypo- 
pigmented. Earlier, it was probably erythe- 
matous. AFIP 74-9029-1. 


should be searched thoroughly for bacilli, 
even though there is no obvious intraneural 
inflammatory reaction. In these early lesions, 


a few bacilli may be in the infiltrate or within 
the fibers of smooth muscle. A histopatho- 
logic diagnosis of indeterminate leprosy can- 
not be made without demonstrating bacilli. 


Fig. 33. Indeterminate leprosy. There is a mild, 
round cell infiltrate. Unless bacilli are seen in 
nerves, the lesion can only be diagnosed as chronic 
dermatitis (see Fig. 34C). x 80, AFIP 75-2627. — 


tei 
Fig. 34. A. A nerve in section shown in Fig. 33. There is dense lymphocytic infiltrate around an intact 


nerve. X195, AFIP 72-12486. B. Another intact nerve from the same section shows only a few perineural 
round cells. K130, AFIP 75-2626. C. The nerve shown in B contained a few acidfast bacilli. One is shown 


(arrow). Therefore, the lesion can be diagnosed histopathologically as indeterminate leprosy. 


AFIP 72-12469. 


X1260, 
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As previously stated, the gross appearance 
of ‘‘histoid” lepromatous leprosy resembles 
dermatofibroma or neurofibroma. Méicros- 
copically also, the typical histoid nodule has 
whorls and fascicles of spindle cells. These 
spindle cells, however, contain numerous well 
preserved acid-fast bacilli arranged parallel to 
the long axis of the cells. 


Nerve Involvement. M. /eprae, in our expe- 
rience at the AFIP, is the only Mycobacterium 
that regularly invades nerves. Nerves are 
involved in all types of leprosy. In many 
patients, the large nerves closest to the surface 
of the skin such as the ulnar near the elbow 
or the great auricular of the neck are visibly 
and palpably enlarged. 


In lepromatous leprosy, macrophages and 
Schwann cells within nerves contain bacilli, 
and the increasing numbers of infected cells 
may eventually enlarge the fascicles and des- 
troy nerve fibers. 


Fig. 35. Nerve lepromatous leprosy. The nerve 
(between arrows) has not been destroyed, but is 
being constricted by the encircling concentric 
collar of spindle cells. In the Fite-Faraco, acid- 
fast stain there were numerous bacilli in the 
nerve, in the spindle cells of the constricting collar, 


and in the surrounding lepromatous j 
X200, AFIP 59-5945, Pp us infiltrate. 
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Fig. 36. Nerve lepromatous leprosy,. Numerous 
bacilli, extracellular or in phagocytes within the 
nerve, but no cellular infiltrate. Outside the nerve 
are numerous macrophages crowded with bacilli. 
Fite-Faraco, X350, AFIP 73-7532. 


Fig. 37. Cross-section of nerve (between arrows) 
lepromatous leprosy. Numerous bacilli, many 
appearing as black intracellular masses. Fite- 
Faraco, X418, AFIP 54-18771. 


Fig. 38. A. Surgical exposure of enlarged ulnar 
nerve in patient with painful neuritis caused by 
borderline leprosy. The nerve is compressed in 
the olecranon groove (arrow) and greatly swollen 
above that level. There is less swelling of the 
nerve in the forearm. AFIP 75-12233. B. 
Histopathologically, there are numerous irregular 
Schwann cells, round cells, an occasional Langhans 
giant cell, and a few clusters of M. leprae. 
X(approx.)300, AFIP 75-15605. (Courtesy of 
Drs. N. H. Antia and D. K. Dastur. J. J. Group 
of Hospitals, Bombay, India.) 


In tuberculoid or borderline-tuberculoid 
leprosy, even though bacilli are few, the proli- 
feration of epithelioid cells and mononuclear 
cells enlarges nerve bundles and may totally 
destroy the nerve fibers. During reactions, 
increased cellularity and edema may rapidly 
and severely damage nerves, causing pain, 
paresis, and paralysis. In some patients, the 
only manifestation of leprosy may be the 
involvement of large peripheral nerves (pure 
neural leprosy). Muscular and_ sensory 
disturbances from damaged nerves lead to 
deformities that are largely responsible for the 
universal fear of leprosy. Nerve trunk infec- 
tion may also alter autonomic nerve function 
and lead to concentric atrophy and eventual 


Fig. 39A. Tuberculoid or near tuberculoid lep- 


rosy. Enlargement, great auricular nerve. 
AFIP 75-15877. 


Fig. 39B. Tuberculoid leprosy. Dermal nerve 
completely destroyed by an epithelioid cell granu- 
lomatous process. X130, AFIP 65-1641, 
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Fig. 40. Considerably thickened supraorbital nerve 
(rt), edema of right side of the face particularly 
noticeable on the lips, and facial neuritis in a case 
of BT leprosy in reaction. (Photograph courtesy 
of Dr. B. R. Chatterjee) 


Fig.42. Upper : Beginning involvement of a small 
dermal nerve in a lesion of tuberculoid leprosy. 
The perineurium has been destroyed by the epithe- 
lioid cell infiltrate, and within nerve, there is an 
increase in Schwann cells and round cells. X330, 
AFIP 60-6262. Lower : Nerve in sarcoid lesion of 
skin. Although enveloped by the epithelioid cell 
granuloma, the nerve is entirely normal. 
X (approx.) 300, AFIP 54-19598. 


Fig. 41. Severe hand and foot deformity in 
borderline leprosy. The digits have been com- 
pletely lost as a result of trauma and infection in 


arene hands and feet. Impaired motor func- Fig. 43. Tuberculoid leprosy. Abscess of radial 
er also contributed to this damage. AFIP nerve at wrist in an adult Zairian man. AFIP 
-3567. 75-15596. 
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absorption of phalanges. Occasionally, the 
end result of tuberculoid or near tuberculoid 
leprosy in a large nerve may be a caseous abs- 
cess. Abscesses of nerves have also been 
reported in patients with lepromatous leprosy 
but are rare. 
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Fig. 44. A. Clawing deformity of hands in 
leprosy. The patient’s right hand demonstrates 
clearly the atrophy of thenar and hypothenar mus- 
cles. Note also dystrophy of some nails. Defor- 
mities of this type are seen in bacteriologically 
positive patients. B. Deformity due to nerve 
damage which may be seen in bacteriologically 
negative patients. There is clawing and muscle 
atrophy. A&B. AFIP 75-15807. 


Temperature Selectivity. A distinct feature 
of leprosy is the distribution of lesions in the 
cooler parts of the body—prominences of the 
skin, mucous membranes of the upper respi- 
ratory tract (especially the turbinates, nasal 
septum, and larynx), anterior part of the eye, 
testis, lymph nodes draining dermal lesions, 
and nerve trunks that are near the surface of 
the skin. The testis is involved in moderately 
advanced or advanced leprosy. The tempe- 
rature of the descended testis is several degrees 
cooler than abdominal organs. In untreated 


lepromatous patients, severe lesions causing 
impairment of vision or blindness may deve- 
lop in the cornea, iris, and ciliary body, loca- 
tions where the temperature is several degrees 
cooler than in the posterior segment of the eye. 


Leprosy bacilli are readily demonstrated in 
the blood of patients with advanced lepro- 
matous leprosy; the reticuloendothelial cells 
of liver and spleen phagocytose circulating 
bacilli and thus microscopic aggregates of 
lepra cells develop in these organs. These 
aggregates are rarely large enough to be seen 
macroscopically. Although in exacerbations 
of untreated lepromatous leprosy macrophages 
containing bacilli may be in any organ, in 
man, established progressive lesions of lung, 
gastrointestinal tract, brain, and spinal cord 
have not been demonstrated in the cases filed 
at the AFIP. 


A B Cc 


Fig. 45. A. Longitudinal section through 
‘“‘tumor’’ radial nerve at wrist of a physician from 
Asia. The small end shows the size of the un- 
infected nerve. No other nerve of skin lesions 
were found in this patient. 6.5, AFIP 67-2672. 
(Case courtesy of Dr. K. R. Grim, Durham, 
N.C.) B. The type of epithelioid cell granuloma 
that composed the major part of the ‘‘tumor.”’ 
No bacilli are seen in the granuloma. X440, 
AFIP 66-5842. C. Area of partly preserved 
nerve at a point adjacent to the granuloma. 
Between arrows are two well stained bacilli which 
were the only bacilli found during a 1 hour search. 
Fite-Faraco, X1080, AFIP 67-2677. 
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Lymph Node Involvement. In lymph nodes partly or almost totally replaced by large 


that drain cutaneous lesions of patients with macrophages filled with bacilli. In tuber- 
lepromatous and near lepromatous leprosy, culoid leprosy, granulomas comprised of 
the cells of the paracortical zones may be epithelioid cells may develop in lymph nodes. 


Fig. 46. Dermal nerve in tuberculoid leprosy has 


been almost destroyed by epithelioid cell and Fig. 47. B. At higher power a Fite-Faraco 
lymphocytic infiltrate. Remnants of nerves seen stained section showed numerous M. leprae in 
above X145, AFIP 60-6261. phagocytes. The black structures in histiocytes 


are masses of bacilli. Examination of the patient 
by a leprologist revealed disseminated lepromatous 
leprosy that had not been recognized during his 
military service. Fite-Faraco, X1200, AFIP 66- 
13124. (This histopathologic diagnosis was made 
by the late Dr. Arnold Strauss, Norfolk, Va.) 


Fig. 48. Lepromatous leprosy. There is a 
leproma (arrows) in the perilimbal area, and infil- 
trations of the lid with loss of lashes on the upper 


Fig. 47. A. Tumor ofa te tis di i id j i iri 

Gi Lea stis discovered during lid in this adult Zairian man. Lepromas in the 

cert examination of a soldier. X4, AFIP eye were seen frequently during the presulfone 
: era. AFIP 75-15591. 
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Control. By inoculating foot pads of mice after a few days of treatment with rifampin 
with suspensions of M. leprae (obtained by and 3 or 4 months with dapsone (DDS), the 
biopsy of a lesion in a patient with lepro- viability of the patient’s bacilli cannot be 
matous leprosy), Shepard has determined that 


Fig. 49. A. Lepromatous leprosy, cornea. This 
photo-micrograph demonstrates serious involve- 
ment of the cornea by leprotic infiltrates. The 
black masses are leprosy bacilli. In the presulfone 
era, blindness was frequent in patients with 


advanced lepromatous leprosy. Fite-Faraco, 
X365, AFIP 59-5888. 


Fig. 50.% Liver. Small aggregates of lepra cells 
and infected Kupffer cells are characteristic of 
advanced lepromatous leprosy. This patient had 
been treated; therefore, the infiltrate is degenera- 
ting. Bacilli were few. X340, AFIP 59-1145. 


Fig. 51. Small subcutaneous node from the 


Fig. 49. B. Higher magnification of the lesion forearm of the same patient in Fig. 52 shows al- 
of cornea shown in Fig.49A. Fite-Faraco, X1000, most total replacement by lepra cells. X7.5, 
AFIP 59-5885. AFIP 72-12502. 
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Fig. 52. Lepromatous leprosy, lymph node. Foamy macrophages which contained many M. leprae are 
conspicuous in the parafollicular and medullary areas. Some are in lymphatic sinuses. X90, AFIP T2125 05. 


Fig. 53. In an H & E stained section of Pig,3313 


the foamy macrophages (lepra cell 
demonstrated. The Seen \ pra cells) are well 


NO oe S point to hematoxylin Fig. 54. Fite-Faraco stain of a replicate section 
A i 3 ia80 ar masses in clear spaces. 645, of Fig. 53 shows acid-fast bacilli in lepra cells and 
; 8. in a large globus (arrow). X645, AFIP 72-12509. 
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demonstrated in mice. By the time a diagno- 
sis is made in a patient with moderately 
advanced or advanced lepromatous leprosy, 
members of his family and other contacts have 
been exposed for many months. Thus, the 
prevailing practice by public health and 
leprosy control officers is to allow patients 
receiving an effective drug to remain with his 
family and continue normal social contacts. 


BCG vaccination will convert many 
lepromin-negative individuals to positivity. 
In the hope that this vaccination would en- 
hance cell-mediated immunity to leprosy, 
several large field studies have been under- 
taken. Unfortunately, the results have been 
variable and no.conclusion on its effectiveness 
can be drawn. 


Amyloidosis Complicating Leprosy. At 
U.S. Public Health Service Hospital in 
Carville, Louisiana, amyloid nephrosis was 
the declared cause of death in many patients 
with long-standing lepromatous leprosy. 


Fig. 55. Kidney. Amyloid in glomeruli and in 
some interstitial tissue. In former years, amyloid 
nephrosis was seen in approximately 40% of 
lepromatous patients at the USPHS Hospital, 
Carville, La. 34, AFIP 54-18445. 


Spleens and livers of the patients also frequ- 
ently contained amyloid. In leprosy hospitals 
in other parts of the world, amyloidosis is 
less prevalent. 


Laboratory Diagnosis. Other than demons- 
trating acid-fast. bacilli in smears made of 
tissue fluids and cells (obtained by slitting the 
skin with a scalpel or razor blade), there is no 
established clinical laboratory test for leprosy. 
A clinical diagnosis should be confirmed by 
histopathologic examination, if practical. In 
nonendemic areas, biopsy examination should 
be done for medico-legal documentation, even 
in patients with advanced disease. 


The fear of leprosy, irrespective of geo- 
graphic location or race, is so deeply ingrained 
that a diagnosis of leprosy even in its mildest 
form may stigmatize a patient to such a 
degree that he can never again lead a normal 
life in his community. Thus a histopatho- 
logist uncertain of the diagnosis or in- 
experienced in leprosy should obtain help from 
colleagues with experience. Diagnoses 
‘compatible with’ or ‘“‘consistent with” 
leprosy should not be made to avoid the 
stigmatizing potential of such a diagnosis for 
a person without leprosy and also to prevent 
possible malpractice action. 


Differential Diagnosis. The diagnosis of 
leprosy is sometimes difficult and must always 
depend on specific criteria, e.g., sensory 
changes, enlargement of nerves, presence of 


acid-fast bacilli, or typical histopathologic 


features. A mistaken diagnosis of leprosy 
can be disastrous and should be assiduously 
avoided by the clinician and histopathologist. 
Macular hypopigmented lesions of superficial 
fungi, nevi, vitiligo and filariasis are frequently 
misdiagnosed as leprosy. Some infiltrated 
lesions of the skin which may resemble leprosy 
are: mycoses, cutaneous leishmaniasis, 
psoriasis, lupus vulgaris, syphilis, lupus 
erythematosus, granuloma annulare, granu- 
loma multiforme, neurofibromatosis, sarcoi- 
dosis, and lymphomatous infiltrates. Some- 
times, peripheral neuropathies caused by 
avitaminosis, diabetes mellitus, syphilis, and 
lead toxicity can produce sensory or motor 
changes reminiscent of those caused by 
leprosy. Rarely, amyloidosis of nerves or a 
familial hypertrophic neuropathy causes 
enlarged and firm peripheral nerves which 
cannot be distinguished clinically from the 
neuropathy of leprosy. These lesions must 
be considered in patients suspected of having 
pure neural leprosy. Nasal involvement in 
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lepromatous leprosy can resemble lethal 
midline granuloma, Wegerer’s granulomatosis 
or rhinoscleroma. 


Sera from patients with moderately 
advanced and advanced lepromatous leprosy 
frequently give false positive reactions for 
syphilis, therefore, syphilis may be the first 
clinical diagnosis in a patient with leprosy. 


Treatment. Diaminodiphenylsulfone 
(DDS), available in the United States of 
America as dapsone, is an effective, stable, 
inexpensive drug which has been used uni- 
versally since the late 1940’s in the treatment 
of leprosy. In most patients with lepro- 
matous leprosy, continuous treatment must be 
given at least 4 or 5 years to achieve 
bacteriologic negativity. Many leprologists 
recommend life-time therapy to prevent 
relapse in patients with lepromatous leprosy. 
Other effective but much more costly drugs 
are clofazimine (Lamprene) and rifampin. 


There have been a few attempts to enhance 
the resistance of patients with lepromatous 
leprosy by the use of transfer factor prepared 
from lepromin-positive individuals, but the 
results are as yet inconclusive. 
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Fig 1. Diffuse Jepromatous leprosy in a Nepalese twin, generally difficult of diagnosis. The red spot 
on the forehead was for differentiating the twins. (Photograph courtesy of Dr. B. R. Chatterjee). 


Fig. 2 A real ‘claw’ hand in a Bengalee patient. (Photograph courtesy of Dr. B. R. Chatterjee) 
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_ Larynx showing obliteration of 
socal cords and stenosis caused by 
promatous leprosy. Before the sulfone 
rugs were used in leprosaria, at least 
0%, of lepromatous patients required 
‘acheostomies because of laryngeal shown at left. 


enosis. AFIP 74-9025-S. AFIP 54-19170, 


7. Erythema nodosum leprosum (ENL) in Filipino woman 
with lepromatous leprosy. Observe the numerous red 
papulonodules ; some nodules with softened centers will 
rupture and discharge purulent exudate. AFIP 74-9029-7. 


A new lesion in a patient who had many lesions of 
borderline leprosy. The patient, a veteran with service 
in the Far East in World War II, was treated for ring- 
worm for several years until seen by a dermatologist 
with experience in leprosy. AFIP 57-16914-1. 


6. Iridocyclitis and conjunctivitis in 
patient with Jepromatous _ leprosy. 


5. Section through lesion of larynx AFIP 75-14043. (Courtesy of Dr. Rolla 


Fite-Faraco, X155, Wolcott, formerly at USPHS Hospital, 
Carville, La.) 


8. Lucio leprosy in a patient of Mexican origin at USPHS 
Hospital in Carville, La. The triangular ulcers are the 
result of cbliterative leprotic inflammation of small arteries. 
There was diffuse lepromatous involvement of the skin. 


AFIP 74-9029-6, 


PATHOLOGY OF LEPROSY 


C. K. JOB 


INTRODUCTION 


During the last decade considerable ad- 
vances have been made in the study and under- 
standing of leprosy which had been the 
cinderella of Medical Scientists. Leprosy is 
now regarded as an infectious disease whose 
causative organism is M. leprae. The main 
organs affected are the skin and the nerves. 
The disease has a variety of manifestations 
which depend mainly on the resistance of the 
infected individuals. Leprosy is prevalent 
thoughout the world, affects more men than 
women and is contracted at all age groups. 
How the organisms gain entry into the 
human system is still a debatable question 
and most probably it enters through the skin 
and mucous membrane. Fear and prejudice 
against the disease among lay public and 
medical men continue to be the main reasons 
for the slow progress in the control of the 
disease in the world to-day. 


Since the manifestations of leprosy is so 
varied, a classification is essential. A classi- 
fication which is simple and also based on 
clinical appearance, immunological status, 
bacteriological assessment and pathological 
changes is the best for it can be easily under- 
stood and used by most people working in 
leprosy. 


The concept that leprosy begins with an 
early lesion which when matures falls into 
a spectrum is the basis in the classification 
given below 


Classification of Leprosy 


The tuberculoid and lepromatous types are 
at the poles and the spectral spread is re- 
presented by the borderline group. There 
are some especially in India who develop 


only nerve lesions and therefore are called 
purely neural leprosy patients. They may 
belong to any of the above forms depending 
on their immune response. 


INDETERMINATE GROUP OF LEPROSY 


Indeterminate leprosy is considered the 
earliest manifestation of the disease. There 
may be one or more hypopigmented macules 
and they are often present in the extremities, 
buttocks or face. Some lesions show loss 
of sensation but in many no sensory loss can 
be demonstrated. 


Histologically the epidermis is normal. 
Focal collections of round cells are present 


throughout the corium specially distributed 


around skin appendages. The identification 
of the lesion as leprosy can be quite difficult 
because of the nonspecific nature and distri- 
bution of the inflammatory cells. But often 
the inflammatory response selectively affects 
the small cutaneous nerve bundles (fig. 1) 
and arrectores pilorum muscles. Acid fast 
stain may show bacilli inside nerve bundles 
and smooth muscle bundles. Only then diag- 
nosis of indeterminate leprosy can be con- . 
firmed. 


It is occasionally difficult to make a definite 
identification of leprosy at this stage because 
of the vagueness of the clinical picture and 
the indeterminate nature of the pathological 
appearance. Skin smear is noncontributory 
because it is almost always negative for acid 
fast bacilli. Immunological tests such as 
lepromin test and lymphocyte transforma- 
tion response to M. leprae are also not helpful 
in early identification of the _ disease. 
Although histopathology is nonspecific it is 
perhaps the only available test now to con- 
firm the diagnosis of leprosy at thfs early stage. 
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Fig. 1 Indeterminate leprosy phoromicrograph 
to show perineural inflammation. 


TUBERCULOID LEPROSY 


Tuberculoid leprosy is a very well recog- 
nised form of the disease. Skin lesions are 
few. Nerve lesions are even fewer. The 
skin patch is well circumscribed and is easily 
demarcated from the normal skin. It may be 
a macule or a plaque or with a raised border. 
It is often erythematous, occasionally scaly. 
There may be tingling and numbness over 
the lesions. Sensations of heat, cold, touch 
and pain are usually lost in the patch and the 
loss is easily tested and confirmed. An 
adjacent peripheral nerve may be so enlarged 
as to be felt or seen at the edge of a patch. 


The term “tuberculoid” is derived from its 
histopathological appearance which resembles 
that of tuberculosis. There are large collec- 
tions of epithelioid cells, occasional Langhans, 
giant cells and many lymphocytes (fig. 2). 
Tubercles are not so well formed as in tuber- 
culous lesions. However there is a definite 
clumping of the granulomatous inflammation. 
Nerve bundles are involved by the granuloma 
and are extensively infiltrated. In some 
lesions nerves are totally destroyed and are 
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not identifiable anymore. Skin appendages 
like sweat and sebaceous glands, hair follicles 
are also infiltrated and destroyed. The epi- 
dermis is flattened and the inflammatory 
granuloma almost touches the basal layer 
in many areas. 


Fig. 2 Tuberculoid leprosy. Note the flattened 
epidermis and the tuberculoid granuloma coming 
up to the epidermis. 


Acid fast stain of the lesion is not so helpful 
and organisms are very rare. They are seen 
inside nerve bundles only if ever present. 


As the lesions resolve the nerves show 
hyalinisation. Sweat and sebaceous glands 
disappear. Hair follicles atrophy and are 
lost. But proliferation of fibrous tissue and 
scar formation is invariably absent. In 
fact, there is atrophy and wrinkling of the 
skin. 


Occasionally tubercles are demonstrated in 
regional lymph nodes in tuberculoid leprosy 
which goes to prove that even in tuberculoid 
leprosy there is dissemination of bacilli 
through lymphatics. The disease is con- 
tained and localised to a few patches in the 
skin and a few nerves because of the high 
immunity present in these patients. 


Lepromin test is highly positive and lym- 
phocyte transformation response to WM. 
leprae is also very high and they demonstrate 
that tuberculoid patients possess good immu- 
nity to leprosy. 


LEPROMATOUS LEPROSY 


In lepromatous leprosy the lesions are 
disseminated. The cutaneous nerves and 
the skin throughout the body are affected. 
In the early stage there may only be generalised 


erythema of the skin but later well marked 
gross thickening of the skin and nodule forma- 
tion are noticed. Glove and stocking anaes- 
thesia is a late manifestation but loss of 
appreciating heat and cold, and loss of fine 
touch may be present especially at the ulnar 
border of the extremities in patchy areas very 
early in this form of the disease. Motor para- 
lysis is a late manifestation. Oedema of 
feet and hands may also be seen in an occa- 
sional patient. Gynaecomastia and testicular 
atrophy are not uncommon. Loss of hair 
at the lateral border of the eyebrows is an 
early sign but later in the disease hair through- 
out the body may be lost. Depression and 
flattening of the nose is a late manifestation. 
However, blocking of the nose may be the 
first symptom in some patients. Iritis and 
iridocyclitis are common complications and 
are present in majority of the patients. 


Pathological changes in the skin are well 
recorded and easily identified. The epidermis 
is completely flattened out with loss of papillae. 
There is a clear area immediately beneath it 
which separates the granuloma composed of 
largely macrophages, some plasma cells and a 
few lymphocytes (fig. 3). Nerve bundles are 
surrounded by macrophages, so also other 
skin appendages like hair follicles, sweat and 
sebaceous glands. Some nerve bundles show 
an onion peel appearance due to proliferation 
of the perineurium. Later in the disease all 
these granulomas fuse together to form a 
band like infiltrate. 


Fig. 3 Lepromatous leprosy. Atrophic epidermis 
separated by a clear area from the granuloma 
composed of mabrophages. 


Acid fast stain shows many bacilli inside 
the macrophages, Schawnn cells, perineural 


cells and arrectores pilorum muscle bundles. 
Often bacilli are present in endothelium of 
capillaries and in hair follicles, sweat and 
sebaceous glands. Nodules in the skin are 
formed by proliferation of the bacilli filled 
macrophages. Continuous bacteremia is 
also demonstrated in well established patients 
of lepromatous leprosy. 


If the lesions heal under treatment, the 
nerves are hyalinised. The other skin appen- 
dages atrophy and disappear. The skin 
atrophies due to extensive destruction of 
collagen tissue. Fibrosis of the skin is never 
seen except in the extremities which have had 
chronic oedema. 


Lepromatous patients have very little, if any, 
immunity to M. leprae. Lepromin test and 
lymphocyte transformation response to M. 
leprae are negative. The disease spreads 
through-out the skin and peripheral nerves 
and also affects the organs of the reticuloen- 
dothelial system such as liver, spleen, bone 
marrow and lymph nodes. Granulomatous 
lesions of various sizes composed of bacilli 
filled macrophages are present in these organs. 
Adrenal glands may also show microgranu- 
loma. 


The only organ that is destroyed completely 
and rendered functionless is the testis. The 
granuloma infiltrates the interstitial tissue 
and the seminiferous tubules and destroys 
them. Gynaecomastia seen in some lepro- 
matous patients may be a sequellae to orchitis 
and atrophy of testis. 


The nasal mucous membrane is involved 
very early in lepromatous leprosy and some 
believe that it is the initial site of disease in 
lepromatous patients. The nasal lesions 
advance to infiltrate and destroy the cartila- 
ginous and bony framework of the nose 
producing flat nose deformity. 


Leprous episcleritis, scleritis, keratitis, iritis 
and iridocyclitis are all very well known. 
Bacilli filled macrophages infiltrate the eye 
in different sites forming nodules. Initially 
they are erythematous but as the disease 
advances impairment of the function of the 
organ inevitably follows. 


Lepromatous leprosy is a slowly progressive 
disease and in some patients an acute phase 
is noticed from time to time and is described 
as “‘reaction’”. During the reactive phase 
erythematous nodules appear on the skin 
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as “reaction”. During the reactive phase 
erythematous nodules appear on the skin 
associated almost always with fever often with 
joint pains and neuritis and rarely with iritis 
and orchitis. These nodules are called 
erythema nodosum leprosum and are pro- 
duced by an acute inflammatory reaction 
consisting of neutrophil polymorphs in- 
filtrating lepromatous granuloma. During 
this acute phase acute paralysis of the nerves, 
acute iritis leading on to blindness, acute 
arthritis, skin nodules with abscess formation 
may be present. 


BORDERLINE TUBERCULOID LEPROSY 


Patients with borderline tuberculoid leprosy 
from a significant proportion of patients in 
India. The lesions are usually multiple. 
They are either nacular or raised with edges 
fairly well demarcated. Most of the lesions 
show sensory loss. Only an_ occasional 
patient shows positive skin smears. 


These patients have a fairly well developed 
immunity with positive lepromin test and good 
response to M. leprae in lymphocyte trans- 
formation tests. 


Histopathological appearance resembled 
tuberculoid leprosy in many respects. The 
epidermis is atrophic. A clear area separates 
the granulomatous inflammation from the 
epidermis. There are collections of epithe- 
lioid cells and lymphocytes (fig. 4). 


Fig. 4 Bordeline Leprosy. Atrophic epidermis. 
A tuberculoid granuloma in the corium separated 
by a clear area fram the epidermis. 
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Occasional Langhan’s giant cells are also 
present. However, the clumping of epithe- 
lioid cells are less evident. Lymphocytes are 
fewer. Inflammatory granulomas are pre- 
sent in and around all skin appendages. The 
nerves show intraneural inflammation and des- 
truction. Acid fast stain shows only occa- 
sional bacilli inside nerve bundles. 


Granulomas in liver. and lymph nodes have 
been observed in some patients with border- 
line tuberculoid leprosy. 


BORDERLINE LEPROMATOUS 
LEPROSY 


These patients resemble lepromatous leprosy 
in many ways. The skin and nerve lesions are 
disseminated through out the body. The 
skin patches may be macules or plaques with 
indefinite edges. The lesions merge imper- 
ceptibly into normal skin. They are sym- 
metrically placed. Often there is a shiny 
erythema over the lesions. Skin smears are 
almost always positive for acid fast bacilli. 


Immunologically there is very little resis 
tance in these patients and lepromin reaction 
is invariably negative. Lymphocyte Trans- 
formation response to M. leprae although not 
negative, is poor. 


Histopathologically there is atrophy of 
epidermis with a clear area beneath it separa- 
ting the granulomatous inflammation consis- 
ting mostly of macrophages. A few small 
collections of epithelioid cells are also seen. 
Lymphocytes are present in small numbers in 
and around the granulomas which surround 
the skin appendages. Nerves show mostly 
perineural inflammation. However, an 
occasional nerve shows intraneural infiltration 
and destruction. 


Acid fast stain shows a large number of 
bacilli inside macrophages, nerve bundles, and 
arrectores pilorum muscles. 


Microgranulomas are demonstrated in liver 
and lymph nodes. Although they resemble 
tubercles they are composed largely of macro- 
phages with clumps of acid fast bacilli in them. 


COMPLICATIONS OF LEPROSY 


(1) Plantar ulcers: Due to loss of sensa- 
tion like touch and pain in the extremities, - 
the protective function of pain is lost. Limbs 
exposed to constant trauma are not warned 
of excessive trauma beyond the point of 


safety. There is also diminished blood cir- 
culation following narrowing of blood vessels. 
All these factors are responsible for chronic 
ulcers in plantar surface of foot and in hands. 
They are not directly due to leprosy and 
therefore do not contain M. leprae. Ulcers 
at these sites are prevented from healing 
because of lack of rest to the affected part and 
continuous trauma permitted by the patient 
to the ulcerated part due to loss of painful 
stimuli. Given adequate rest, protection 
from trauma and secondary infection the ulcers 
heal fast and well. 


(2) Amyloidosis: In our experience lepro- 
matous leprosy is the most common disease 


in India to cause amyloidosis. Amyloid 
deposits are found in liver, kidney, spleen and 
adrenal and it belongs to the secondary variety. 
Amyloidosis must be suspected if there is 
persistant albuminuria and should be con- 
firmed by biopsy of liver or kidney. 


(3) Tuberculosis: The common _ cause 
of death in an autopsy study by us is tuber- 
culosis. Patients with lepromatous leprosy 
seem to be prone to develop tuberculous lung, 
lymph nodes and other organs. Since they 
come from poor strata of society they cannot 
afford adequate diet and necessary rest. 
However, their response to antituberculous 
therapy is good. 
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THE MOUSE FOOT-PAD MODEL IN LEPROSY RESEARCH 


K. V. DESIKAN 


Evolution of experimental studies 


There have been several lacunae in the 
scientific knowledge on leprosy, and one of the 
major causes for these deficiencies is the fact 
that the causative germ has resisted every 
attempt to be cultured in the laboratory. 
Since their discovery by Hansen in 1874, 
numerous attempts have been made to culture 
the leprosy bacilli in artificial medium but 
without any success. Similarly, several at- 
tempts to infect different types of animals 
have ended up in failure (For review, 
Prabhakaran 1975). Animals like the guinea 
pigs, gloden hamsters, monkeys, chimpanzees, 
even fish and other smaller animals were 
tried, but the germs failed to grow in them or 
produce the disease. 


A major break through was achieved in 
1960 by Shepard, at the Centre for Disease 
control, Atlanta, U.S.A. (Shepard 1960). 
Based on the observation that M. ulcerans 
which belong to the same taxonomical family 
of M. leprae, multiplied in the foot-pads of 
mice, Shepard chose these sites in the mice 
to inoculate leprosy germs obtained from 
nasal washings of a lepromatous leprosy 
patient. The trial yielded fruitful results 
and bacteria began to grow in the mouse foot- 
pads. The work was repeated and the growth 
of bacilli was found to be consistent. The 
experiments were subsequently reproduced 
by Rees at the National Institute for Medical 
Research, London (Rees 1964). Several other 
laboratories the world over began to use this 
model for experimental work. In India, 
this work was successfully reproduced by 
Karat (1970) Job (1973) and Desikan (1975). 


Salient features of experimental leprosy in mice 


Before going into the details of experimental 
leprosy, certain fundamental aspects must 
be made clear regarding Shepard’s mouse 


foot-pad model which has certainly stood the 
test of time. 


(1) The multiplication of bacilli is strictly 
local. In other words, the multiplication of 
bacilli takes place only at the site of inocula- 


180 


tion and there is no dissemination to other 
parts of the mouse by blood or lymph stream. 
Even local spread to tissues higher up in the 
limbs does not take place. 


(2) The multiplication is limited. The 
maximum growth reported is a thousand- 
fold increase. However, on the average, 
the yield is 100 to 200 times the number of 
bacilli originally inoculated. This may sound 
as a high number when we do not have a 
better animal, but compared to the growth of 
M. tuberculosis in the guinea pig, the multi- 
plication is extremely small. Compared also 
to the more recent experiments on the growth 
of M. leprae in the Armadillo, the multipli- 
cation of the bacilli in the mouse foot-pad 
is relatively insignificant. 


(3) Although there is multiplication of 
bacilli in the foot-pads, no clinical lesions 
similar to human leprosy are produced in the 
mice. There are no skin nodules, no nerve 
paralysis, anaesthesia or trophic changes. 
As such the experimental infection as pro- 
duced in mice is not a true replication of the 
human disease. 


(4) The multiplication of bacilli is not 
progressive but self limited. After reaching 
a peak value at the end of 6 months, the 
number of bacilli remains constant for a time 
and subsequently there is a fall in the number. 
Ultimately, the organisms apparently disap- 
pear completely. 


(5) A long term follow up of infected mice 
is restricted by the short life-span of mice which 
is only about 2 years. Ina disease like leprosy 
with a long incubation period and slow 
development of lesions, it would be necessary 
to have animals with a long span of life. 


(6) Finally, it is evident from the facts 
mentioned above that experimental leprosy in 
mice is not identical with the human disease. 
As such what is seen in the mouse foot-pad 
does not necessarily represent the human 
disease. The scientist therefore will have to 
exercise great caution while interpreting the 
results in mice experiments. However in the 


absence of a more suitable animal, the mouse 
footpad model helps to provide guide lines 
to several studies in leprosy. 


Method of inoculation, harvest and monitoring 
of results 


An outline of the techniques followed and 
methods adopted may be briefly described. 
It is important that the assessment of bacte- 
rial growth must be strictly quantitative. 
An exact and known number of bacilli should 
be inoculated into mice and after a definite 
period of time, the total number of bacilli in 
the foot-pad should be estimated. The bacilli 
for inoculation are generally collected from 
skin lesions of leporsy. A biopsy specimen 
of the skin lesion is collected aseptically. 
It is minced with a pair of scissors, homo- 
genized in a glass homogenizer and suspended 
in saline. The number of bacilli per unit 
volume of the suspension is determined by 
techniques based on the methods originally 
described by Shepard and Mc Rae (1968). 
A modified technique is described by Desikan 
and Venkataramanaiah (1976). The sus- 
pension is diluted and 10,000 bacilli are 
inoculated into the mouse foot-pad. The 
mice are kept in proper cages and housed in 
an air-conditioned room with a temperature 
ranging between 20°C to 25°C. They are 
fed on a normal commercial diet. After a 
period of 6 months, the mice are killed one 
or two at a time at monthly intervals. The 
tissue of the foot-pads are pooled, homo- 
genized and bacilli enumerated by standard 
techniques (Desikan and Venkataramanaiah, 


1976). 


Growth Curves 


There is a distinct pattern of growth of 
M. leprae in the mouse foot pads consistently 
found in all laboratories (Fig. 1). The growth 
curve of the bacilli can be divided into 
3 phases. In the initial ‘lag phase’’ there is 
no detectable increase in the number of bacilli. 
In fact, it has been found that there is a sharp 
fall in the number of bacilli soon after in- 
oculation (Desikan 1975). After the “lag 
phase” comes the ‘“‘logarithmic phase” 
when the bacilli multiply by binary fission. 
There is thus a sharp increase in the number 
of bacilli. The third phase is the “plateau 
phase” which is reached by 210 days. In 
this phase the number of bacilli remain more 
or less constant. This, according to Shepard 
is due to simultaneous multiplication and 
death of bacilli. This lasts for 6 to 8 months, 
after which there is a slow fall in the number 
of bacilli. 
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Fig 1. Growth curve of M. Leprae in mouse 
foot-pad (Desikan, K. V., Leprosy in India 
47: 94: 1975) 


Use of immunologically suppressed mice 


Having noted that there is_a restricted multi- 
plication of bacilli in normal mice due to their 
natural immunity, attempts were made to 
block the natural resistance of the animal so 
that the organisms could multiply in its 
tissues. Cochrane et al (1939) tried to infect 
monkeys after splenectomy and the same 
authors tried to bring about immunosuppres- 
sion of monkeys by blocking their reticulo- 
endothelial system with Indian ink. (Coch- 
rane et al 1945). They failed in both the 
attempts to infect the animals. Rees (1966) 
succeeded in producing a disseminated in- 
fection in mice by.subjecting the animals to 
thymectomy and total body irradiation. By 
this method, bacilli were found in organs 


‘in sufficiently large numbers (Desikan and 


Rees 1973). The yield of bacilli was higher 
in the footpads when compared to inocula- 
tion of normal animals. This was not due to 
a more rapid multiplication. In other words, 
there was no shortening of the generation 
time, but the organisms multiplied for a longer 
time without being killed in the mouse tissues. 
The thymectomized irradiated mice are more 
susceptible and can be infected by a smaller 
dose of leprosy bacilli, but these animals 
cannot be considered as suitable models for 
study of the disease because their normal 
physiology is so severely interfered with 
artificially. 


Shepard’s mouse foot-pad model has there- 
fore been established as an accepted and stan- 
dard experimental model for more than 15 
years (Shepard 1971). The results are found 
to be consistant and reproduced uniformly 
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by all the laboratories. The animal used is 
readily available and easy to handle and 
maintain. While there is a wide range of 
publications of the experimental model for 
several studies, some of the more important 
ones are listed below: 


1. Preliminary screening of drugs: This 
is the most important application of the 
mouse foot-pad model and an extensive work 
has been done in this field. In the course 
of the past 10 to 15 years, more than 200 drugs 
have been screened and very important data 
obtained (Shepard et al. 1976). Before the 
advent of the experimental animal, new drugs 
against leprosy had to be tried only on patients, 
which made it extremely difficult. Now a 
new drug can be tried for its efficacy against 
leprosy, its toxicity at therapeutic levels, 
its action as a bacteriostatic or bactericidal 
agent, its exact mode of action and its phar- 
mokinetics. Infact, it has almost now become 
obligatory that any new drug is first tried in 
mice and only after it is found to be safe 
and effective by this preliminary trial that it 
is considered for further therapeutic use. 


2. Detection and confirmation of sulphone 
resistance: Emergence of sulphone resis- 
tance was considered for several years, but 
there was no means of establishing the same 
since there was no known method of growing 
M. leprae. With the advent of the mouse 
foot-pad model, this has now become possible. 
Pettit and Rees (1964) first made the experi- 
mental trials. Several sulphone resistant 
cases have been detected and confirmed in 
Malaysia and Ethiopia. Sulphone resistant 
cases have also been identified and confirmed 
in India (Roychaudhury and Desikan 1975). 
The procedure employed in these investiga- 
tions is that bacilli obtained from suspected 
cases of sulphone resistance are inoculated 
to mice. The mice are then fed on diets con- 
taining D.D.S. at concentrations to produce 
desired, therapeutically effective blood levels 
of D.D.S. in the mice. If the drug inhibits 
growth of bacilli in the foot-pads, the germs 
are D.D.S. sensitive. On the other hand, 
if the germs continue to multiply in spite of 
the administration of the drug, they should be 


considered as being resistant. Studies car- 
ried out recently at Chingleput have shown 
that out of 37 cases suspected to be sulphone 
resistant clinically, 29 cases were confirmed 
to be drug resistant by animal experiments. 


3. Identification of Mycobacteria claimed 
to be M. Leprae: There have been claims 
of culture of M. leprae in vitro. There must 
be a method to confirm whether they are 
M. leprae or not. So far the only method 
adopted was the failure of the germs to grow 
in artificial medium, but this negative finding 
is subject to several errors. If the germs are 
inoculated into mice foot-pads, and if they 
exhibit the normal growth curves, a strong 
evidence would then be in favour of their 
being M. leprae. The procedure is now ac- 
cepted as one of the methods to establish the 
identity of M. leprae. 


4. Assessment of viability of M. leprae: 
It would be possible by this method to estab- 
lish whether a given sample of M. ledrae are 
alive or dead. These bacteria may be 
collected from treated cases to find out the rate 
of killing of M. leprae by treatment. M. leprae 
collected from environs may also be tested for 
their viability using the mouse model. 


5. Tests for experimental vaccines against 
leprosy: These tests could also be carried 
out before a vaccine is possibly tried in human 
subjects. This would be very impotant in 
future since there is a concentrated effort 
by some ‘laboratories to develop a vaccine. 
It has been found for example, the experi- 
mental vaccines prepared from oil treated 
cell walls were found to provide as much 
protection as live BCG in experimental leprosy 
(Shepard and Ribi 1968). 


There are several other uses, both in aca- 
demical as well as in applied researches, for 
the mouse foot-pad model. In spite of several 
short-comings, the experimental transmision 
of Leprosy to mice has proved to be a depend- 
able technique for Scientific investigation. 
It has thrown light on many aspects of leprosy 
about which there was total ignorance 
hitherto. Meticulously used, the mouse foot- 
pad model is at present a great asset and is a 
very useful tool to the investigating scientist. 
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THE ARMADILLO IN LEPROSY RESEARCH 


WALDEMAR F. KIRCHHEIMER 


Inability to culture Mycobacterium leprae 
and failure to have on hand a valid animal 
model for the study of the disease in man 
were the main retarding factors in gaining 
an understanding of the disease and the 
germ. There were no answers to the follow- 
ing fundamental questions: 


1. How, and how frequently is the leprosy 
bacillus transmitted in endemic areas? 


2. Why do most persons living in povetry, 
in stable communities in highly endemic 
surroundings escape leprosy? 


3. Why are there such dissimilar clinical 
diseases as tuberculoid and lepromatous 
leprosy? 


4. Does lepromatous leprosy result from 
higher infectious doses, or more virulent 
bacilli, or greater host susceptibility? 


With the exception of the introduction of 
the sulfones into leprosy therapy in the 1940s 
(1) nothing significant had happened until 
1960 to move leprosy research out of the 
doldrums. In that year Shepard (2) re- 
ported limited multiplication of M. leprae, 
restricted to the cool tissues of the mouse 
foot pad. Because this was reproducible and 
of distinctive pattern the mouse foot pad has 
been used in viability determinations of 
M. leprae, as one of the means of identifying 
(2), in drug screening and in determining 
drug resistance of the bacilli (3, 4). It has 
not, however, provided the needed bacteria 
or the needed animal model. Neither was 
this gap closed by its offspring, the immune- 
suppressed mouse (5) which, however, en- 
gendered exploration of the role of cell medi- 
ated immunity (CMI) in leprosy (6). 


In 1971 and 1972 Kirchheimer and Storrs 
(7, 8) transmitted leprosy to armadillos. 
Kirchheimer, et al., (9) also showed that 1 
gram of infected armadillo tissue contained 
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The author with a healthy nine-banded Armadillo. 


from 100 to 1000 times more leprosy bacilli 
than 1 gm of human skin leproma. Kirch- 
heimer and Sanchez (10) showed additionally 
that the percentage of armadillos developing 
disseminated leprosy increases with the size 
of the infecting dose. If infected intrave- 
nously with several hundred million leprosy 
bacilli all armadillos seem to be “‘susceptible.”’ 
Since one can readily transmit leprosy from 
armadillo to armadillo without any apparent 
change in the microbe (11) and because one 
can harvest around 10 billion (10x 10%) 
M. leprae from 1 gram of their spleens, livers, 
lymph nodes and subcutaneous lepromas 


(7-10), an abundant source of leprosy bacilli 
has finally become available and a major 
obstacle to progress has been removed. 


Epidemiologists and geneticists have long 
suspected that excessive susceptibility to 
leprosy might have a genetic basis (12, 13). 
Clinical and experimental leprologists had 
known for many years that M. leprae multi- 
plied best in the cooler tissues of the 
human body (14) and in the cooler parts of 
the body of mice (15). Nine-banded arma- 
dillos were known to have a relatively low 
body temperature (16). They live for 12 
to 15 years. They give birth regularly to 
monozygous, genetically identical quad- 
ruplets. In addition they are readily avail- 
able in Louisiana and other Southern States 
of the Union. These characteristics made 
nine-banded armadillos an ideal candidate 
for leprosy transmission’ experiments, with 
hope for rich harvests of bacilli and for deve- 
loping the needed model for the study of 
fundamental and applied aspects of the 
human disease leprosy. 


Because armadillos occur only in the 
warmer parts of the Americas search for in- 
digenous susceptible mammals is carried out 
in Germany, India and South Korea, involv- 
ing, respectively, the European hedgehog 
(17), the Indian pangolin, the slender loris 
(18, 19) and the Korean chipmunk (20). 


A South American armadillo, Dasypus 
sabanicola, is being developed as a source of 
leprosy bacilli at the Instituto Nacional de 
Dermatologia, Caracas, Venezuela (21). 


Armadillos have not yet been bred under 
controlled conditions. This is a prerequisite 
for genetic leprosy susceptibility studies. An 
additional requirement for Carville’s objec- 
tive to develop the ninebanded armadillo into 
a model for a comprehensive investigation of 
leprosy is the availability of a test which 
predicts the degree of susceptibility of arma- 
dillos prior to infection. Experiments to 
develop such a test are being conducted at 
Carville. They are based on an armadillo’s 
capability to develop delayed type hypersen- 
sitivity (tuberculin-type) to M. leprae protein 
(22). Non-leprous suceptible animals are 
required for investigating postulated modes 
of transmission of leprosy (23), exploration of 
the mechanism of resistance and chemo- and 
immuno-prophylactic studies. 


Development of a  susceptibility-test in 
uninfected armadillos and successful breeding 


under controlled conditions are very important 
stepping stones toward Carville’s ultimate 
objectives: 


1. The investigation on an animal model 
of the validity of the genetic hypothesis 


« of susceptibility to leprosy. 


2. Investigation of the mechanism of sus- 
ceptibility and resistance in leprosy. 


3. Investigation of the modes of trans- 
mission of leprosy. 


4. Investigation of the efficacy of various 
prophylactic measures against leprosy, 
including immuno and chemoprophy- 
laxis. 


The predictive value of the susceptibility 
test must be validated with a subcutaneous 
infection dose of M. leprae which gives dis- 
seminated leprosy to less than 10 percent 
of the challenged armadillos in 3 to 4 years. 


In our experience this dose is less than 
10,000 M. leprae. 


The great importance of the potentially 
unlimited supply of leprosy bacilli in bio- 
medical leprosy research is now generally 
recognized. Examples of this are first, the 
World Health Organization (WHO) spon- 
sored studies of the feasibility to replace 
hard-to-get human tissue-derived lepromin H 
with armadillo tissue-derived lepromin A. 
The results to date show good correlation 
between the Fernandez and Mitsuda reactions 
obtained in patients with various types of 
leprosy and in non-leprous persons in endemic 
areas with lepromin H and Carville’s lepromin 
A. The Fernandez and Mitsuda reactions 
to lepromin are routinely used to monitor 
the state of resistance of leprous individuals 
and of non-leprous exposed persons. Posi- 
tive reactors whether or not they have leprosy 
seem more resistant to M. leprae than 
non-reactors. Lepromin therefore plays an 
important part in the management of leprosy. 
There is little doubt that lepromin A soon will 
replace lepromin H. 


Another important project which owes its 
existence to the availability of abundant 
amounts of leprosy bacilli from armadillos 
is WHO’s Immunology of Leprosy Project 
(IMMLEP). The immediate objective of this 
work is preparation of pure specific antigens 
from M. leprae. Such antigens might be of 
inestimable value as diagnostic and epidemio- 
logical tools, as an immunological reagent for 
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incorporation into a vaccine, and as a thera- 
peutic weapon that could perhaps be used 
to prevent some of the most adverse complica- 
tions of leprosy such as nerve damage and 
Erythema Nodosum Leprosum_ which 
are immune pathological phenomena. It is 
also hoped that some antigenic fractions of 
the bacilli might restore a state of natural 
resistance to patients cured of lepromatous 
leprosy but still at risk of relapse. Even- 
tually perhaps a vaccine might be produced 
that can raise the level of resistance against 
leprosy in an endangered population, ulti- 
mately contributing to the control of leprosy. 


A purified M. leprae protein that elicits 
delayed type hypersensitivity reactions in the 
skin of armadillos vaccinated with heat- 
killed M. leprae has recently been prepared 
in our laboratory (22). As we had pointed 
out in our publication Dharmendra in 1941 
(Lep. India 13:89) had prepared for the first 
time a protein antigen from defatted M. leprae. 
He concluded that this protein was the active 
principle of the lepromin responsible for the 
positive lepromin reaction in tuberculoid 
cases of leprosy. The antigen produced no 
reaction in lepromatous cases. However, 
because of the limited supply of the human 
lepromatous material and because of the 
very small amount of the protein antigen 
that could be prepared from the bacilli, this 
antigen could not be utilized for routine testing 
of cases of leprosy of different types and of 
healthy persons. 


Judging from the results of a limited trial 
with our armadillo tissue-derived M. leprae- 
protein in India on patients with different 
forms of leprosy and non-leprous disease this 
skin test antigen does not cross-react with 
tuberculin and accords with a person’s Mitsuda 
test response (24). 


Leprosy bacilli separated from  experi- 
mentally infected armadillos are used at Car- 
ville to study the metabolic characteristics 
of M. leprae. The final objective of these stu- 
dies is to find a rational basis for culture- 
attempts and for specific anti-M. leprae 
drugs. Recently Prabhakaran, et al. (11) 
have shown that the o-diphenoloxidase re- 
mains unaltered in the passage of the bacilli 
from the human host to the armadillo indi- 
cating that the enzyme discovered by Prabha- 
karan (25) is an intrinsic characteristic of the 
leprosy bacillus. These results and the ones 
obtained in the WHO lepromin study also 
provide additional evidence that the bacteria 
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recovered even after passage from armadillo 
to armadillo are in fact M. J/eprae. 


Finally, the National Institute of Allergy 
and Infectious Diseases of the National 
Institutes of Health in Bethesda, Maryland 
(U.S.A.) has awarded Carville a contract 
under which a sizeable colony of M. leprae 
infected armadillos is maintained. This serves 
as a continuing source of materials for scien- 
tists whose research projects have been 
approved by the National Institutes of Health. 


Man is the only proven natural host of 
Mycobacterium leprae. Leprosy-like myco- 
bacterioses have been described in Indonesian 
water buffalos (Bubalus bubalus) by Lobel 
(26, 27) and by Machicao and LaPlaca (28) 
in Bolivian frogs (Pleurodema ciner. and 
Pleurodema marmoratus). The mycobacteria 
just like M. leprae and Mycobacterium lepra- 
emurium have not been cultured. Their 
bacteriologic characteristic such as d-dopa 
oxidation (29), the pyridine extraction test (30) 
and pattern of mouse foot pad multiplication 
(2) are unknown. The relationship of these 
acid-fast bacteria to M. Jeprae is unknown. 


In 1975 Walsh, et a/. (31) reported a leprosy- 
like disease among armadillos (Dasypus 
novemcinctus) in Southern Louisiana West 
of the Atchafalaya River. This mycobac- 
teriosis was said to have a prevalence of 10 
percent and the histopathologic characteristics 
of experimental leprosy in the armadillo as 
first described by Kirchheimer, et a/. in 1972 
(9). The acid-fast bacilli were reported to be 
indistinguishable from M. /eprae. Investiga- 
tions by others have not so far confirmed 
the occurrence of leprosy or a leprosy-like 
mycobacteriosis in wild armadillos. 


Kirchheimer (32) has recently summarized 
the results of his own investigations at 
Carville. No leprosy-like disease was found 
in any of the 365 armadillos examined in his 
laboratory. It is of particular interest that 
75 of these armadillos were caught by 
personnel of the Louisiana State Wildlife and 
Fisheries Commission in the area where 
Walsh, et al., say they had found the leprosy- 
like disease. Duplicate specimens of these 
particular armadillos were examined by the 
Epidemiology Investigation Service of the 
National Center for Disease Control, Atlanta, 
Georgia, likewise with negative results. 


Munoz Rivas (33) recently has autopsied 
80 aramadillos caught in the most leprosy- 
endemic part of Colombia, South America 


without finding leprosy-like disease. Innami 
from the Santa Isabel Leprosarium and 
Alvarenga (34) from the Health Ministry in 
Asuncion did not find leprosy in armadillos 
in Paraguay. 


Both Kirchheimer and Munoz Rivas have 
found culturable acid-fast bacilli associated 
with armadillos. Rivas can culture them 
regularly from the mesenteric lymph nodes 
and Kirchheimer has found them in approxi- 
mately 5 percent of armadillos from various 
parts of Louisiana. In one instance the 
bacteria were identified as Mycobacterium 
pereginum by Freerksen at the Borstel 
Institute in Germany. 


Filice, et al. (35) from the Epidemiology 
Investigation Service of the National Center 
of Disease Control did not find any correla- 
tion between contact with armadillos and 
leprosy in man in Louisiana. 


In summary the armadillo has amply ful- 
filled the promise of an ample supply of 
M. leprae, essential for various research pro- 
jects the world over and as a source for 
lepromin. Concerning the availability of the 
armadillo for the comprehensive study of 
fundamental areas of leprosy we hope that 
controlled breeding and a valid susceptibility 
test, the necessary prerequisites, will be 
accomplished by 1982. 
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MICROBIOLOGY OF MYCOBACTERIUM LEPRAE 


S. R. PATTYN 


1. Morphology 


M. leprae when stained by the Ziehl 
Neelsen procedure is an acid-alcohol fast, 
weakly curved, bacillus, 0.3—0.4 umx4 
—7 ym showing sometimes a metachromatic 
granule either near a pole or in the center. 
The nature of these granules has been much 
discussed but has never been accurately 
defined, they have been said to be more 
numerous in untreated, active cases. 


Leprosy bacilli aggregate frequently in 
round to oval clumps, called globi, the orga- 
nisms being situated in paralel bundles. It 
is unknown if this is the result of some pro- 
duct secreted by the bacilli or if it is the 
result of phagocytosis and some action of the 
host cell on the bacilli. 


Very frequently bacilli stain irregularly, 
giving rise to granular forms. Since the 
beginning of the century, granular bacilli have 
been suspected of being dead organisms. 
In recent years this has been proven to be 
correct (Rees and Valentine, 1962; Shepard 
and McRae, 1965) and to be valid for tissue 
sections as well (Levy e.a., 1969). This 
allows the evaluation of clinical and experi- 
mental specimens, not only in terms of the 
total number of bacilli present as expressed 
by the “Bacteriological index’’, but also by 
the determination of the percentage of solidly 
staining, living organisms, as expressed by the 
“Morphological index” or “solid ratio”’. 


Acid fastness in Mycobacteria has been 
shown to be related to their lipids, in particular 
the mycolic acids. The presence of mycolic 
acids in M. leprae was first demonstrated by 
Etemadi and Convit (1974). The large 
amounts of M. leprae obtainable from arma- 
dillo tissue allowed a thorough chemical 
study of the cell walls (Draper 1976). Like 
other actinomycetales M. leprae has in its 
walls mycolic acids, aribinogalactan and 
peptidoglycan. The two mycolic acids are 


different from those of M. tuberculosis, 
M. microti, M. lepraemurium, M. vaccae 
and M. scrofulaceum. The peptidoglycan 
contains diaminopimelic acid, alanine, gluco- 
samine, murein and substantial amounts of 
glycine. The simultaneous occurrence of 
glycine and diaminopimelic acid in bacteria is 
rare and itis absent from the mycobacteria 
analysed thus far. At the present time this 
is an important differential character of M. 
leprae. Fisher and Barksdale (1971, 1973) 
claimed that the acid fastness of M. leprae 
was extractable with pyridine, and that this 
was absolutely specific for M. leprae, so 
much so, that this character could be used as 
an identification test for the species. How- 
ever Skinsnes et al. (1975) have shown that 
pyridine extractability of acid fastness is a 
characteristic of aging, non viable bacilli, 
and not at all a specific character of M. leprae. 


In the electron microscope shadowed pre- 
parations of suspensions of M. Jeprae reveal 
also uniformly dense and beaded granular 
forms of the bacilli. Very frequently a peri- 
pheral halo is observed around the bacilli. 
Detailed studies with the negative staining 
technique of this halo have not been reported. 
Such a study was performed by Draper and 
Rees on tissue derived M. lepraemurium and 
the halo was found to correspond to bundles 
of fibrils twisted around the organisms. 


After shadowing or negative staining of 
M. leprae suspensions, intertwingled paired 
fibrous structures 100-300 A in width and 
forming a network in the walls, can be ob- 
served. Some of these threads surround the 
bacillary body parallel with the short axis and 
have been called “‘band like structures” by 
Nishiura et al. (1969). 


In ultrathin sections M. leprae has a cell 
wall 15-20 nm _ thick, surrounding a 
cytoplasmic membrane. This is a unit mem- 
brane consisting of two dense layers about 
3 nm in width, enclosing a 3-4 nm interspace 
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layer of low electron density. The cyto- 
plasmic membrane gives rise to mesosomes 
extending into the cytoplasm. Cell division 
is by transverse fission. 


2. Culture 


Although numerous authors have claimed 
to have cultivated M. Jeprae in vitro, none of 
them have proved that there was definite 
multiplication nor that the cultures obtained 
were M. leprae. Criteria that can be used 
to apply to claims of pretended in vitro cul- 
tures of M. lJeprae are: 


1. The procedure should be successful in 
a high percentage of attempts, when 
bacillary rich material, derived from 
untreated humans or experimental ani- 
mals is used. Miultiplication should be 
regular and of the order of 100 at least. 
It should be proven that the bacilli at the 
end of an experiment are viable. 


2. All strains obtained should be identical 
in many if not most in vitro characters 
(some biochemical tests could be diffe- 
rent as well as some antigenic characters) 
including drug sensitivity patterns. 


3. All strains obtained should be different 
from presently known mycobacterial 


species. 


4. The strains obtained should behave in 
experimental animals in an identical way 
as M. leprae, directly derived from human 
tissue. 


5. Lepromin preparations prepared from 
the cultures should give negative Mitsuda 
reactions in lepromatous forms of the 
disease and positive reactions in tuber- 
culoid cases. Up to the present no 
cultures have been produced that satisfy 
the above criteria, although cultivation 
attempts, mostly empirical, have probably 
—_ by the millions (Pattyn, 


In order to come to a more rational 
approach of the problem every kind of in- 
formation concerning metabolic activities of 
M. leprae are extremely important. 


This information can derive from enzymic 
or metabolic studies performed with suspen- 
sions Of M. leprae p.ex. the incorporation of 
radioactive substances in such suspensions 
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(Tepper, 1971) or from direct observation 
through ultramicroscopic histochemistry. 


One of the main difficulties for the first 
approach is the purification of suspensions 
of M. leprae from host tissue, while viability 
of the bacteria is maintained. Ultramicro- 
scopic histochemistry is limited in its possi- 
bilities. Studies on suspensions of M. leprae 
(Prabhakaran, 1967) showed that the organism 
possesses cytochrome C oxidase, meaning 
that it is an aerobic organism. The presence 
of cytochrome C oxidase has been confirmed 
by EM histochemistry and is further in line 
with the fact that metronidazole, a drug al- 
most exclusively active against anaerobic orga- 
nisms is ineffective against M. Jeprae in the 
mouse (Pattyn c.a. unpublished results). 


Prabhakaran detected in the same suspen- 
sions the following enzymes: succinate and 
lactate oxidases, a very low catalase a high 
peroxidase activity and 3, 4 hydroxyphenyl 
alanine oxidase. 


Preliminary results of EM histochemistry 
(Jacob and Pattyn unpublished results) failed 
to reveal catalase in M. leprae, while 
peroxidase activity and succinate dehydro- 
genase were detected in the mesosomes. The 
latter enzyme was also present in the phago- 
lysosome wall surrounding the leprosy bacilli. 


Intensive search of inventive biochemists 
and microbiologists should reveal more of the 
biochemical activities of M. leprae which 
should give some clues on the growth require- 
ments of the organism. 


Prabhakaran and Kirschheimer (1966) have 
described dihydroxphenylalanine (DOPA)- 
oxidase in suspensions of M. leprae. They 
claim that this enzyme is absolutely charac- 
teristic of M. Jeprae, since it fails in all 
other species of Mycobacteria. We were 
unable to confirm this, moreover DOPA is a 
compound that is oxidized by air within 3 to 
4 hours (Unpublished results). 


The drug dapsone is bacteriostatic for 
M. leprae in very low concentrations: 
MIC=0.02 ug/ml. It is thought to inhibit the 
incorporation of para-aminobenzoic acid 
(PABA) into dihydrofolate. Its action is 
antagonized by PABA but in very high con- 
centrations only. This could be the result 
of lack of penetration of PABA into the 
M. leprae cells (Shepard, 1967). 


M. leprae is not cultivated in vitro, can 
now readily be transmitted to animals 


(Shepard, 1960): normal mice (footpad, tail 
and ears) rats, hamsters and armadillos, and 
immunosuppressed mice and rats. The 
evolution of the infection, particularly in the 
mouse footpad, is characteristic for M. leprae 
when compared with other mycobacteria 
(Pattyn, 1965). The generation time during 
the logarithmic phase of multiplication in 
the mouse footpad is 11-13 days, and has been 
identical for all strains measured, dapsone 
sensitive or resistant. Isolates of M. leprae 
in mouse footpads were found to differ in two 
related properties: the average rate of growth 
between inoculation and harvest and the 
number of bacilli in the harvest. The growth 
between inoculation and harvest covers the 
logarithmic phase of the growth curve and 
the lag phase. Since the logarithmic phase 
is constant, the duration of the lag phase is 
responsible for the observed difference. 
“Fast” strains reached more than 10°? per 
harvest, whereas for “‘slow”’ strains the har- 
vests were below 10°*, all strains studied 
formed a continuous spectrum between these 
two extremes. Slow strains differ from fast 
strains by having fewer generations of growth. 
There is no evidence that this characteristic 
plays a role in human disease. 


3. Antigenic structure 


Until recently the antigenic analysis of 
M. leprae, mainly in immunodiffusion tests, 
has been hampered by the difficulty to obtain 
sufficient amounts of purified bacilli from 
human lesions and the preparation of potent 
hyperimmune sera. Abe et al. (1970, 1972) 
found 2 antigens in human leprous nodules: 
a protein antigen specific for M. leprae and 
a polysaccharide antigen common to other 
mycobacteria. 


Navalkar (1971) found 2 antigens common 
to other mycobacteria and 3 antigens specific 
for M. leprae. 


More recently, Stanford (1976) working 
with M. leprae ultrasonicates prepared from 
infected armadillo tissue was able to detect 
12 antigens. Six of these are antigens 
common to all mycobacteria, 4 are species 
specific and 2 of uncertain position. The 
remarkable thing is that M. leprae does not 
possess any of the antigens common to either 
the slow or fast growing Mycobacteria, a defi- 
ciency that is only found in. M. vaccae. 


Conclusion 


In the absence of in vitro cultures of M. 
leprae, the knowledge on the microbiology of 


M. leprae is very limited. However intensive 
research during the last 2 decades has allowed 
the introduction into clinical leprosy of the 
morphologic index as a very important aid. 
The availability of large amounts of M. leprae 
from armadillo tissue has lead to a detailed 
characterization of the chemistry of the cell 
walls of M. leprae and its intracellular soluble 
antigens. The importance of this knowledge 
has recently been illustrated by their applica- 
tion to a claim of a successful in vitro culture 
of M. leprae (Stanford et all. Int. J. Leprosy, 
in press). Continued efforts by inventive 
biochemists and microbilogists should lead to 
increasing knowledge concerning this para- 
site, to allow a better fight against it. 
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ACID-FAST AND NON ACID-FAST FORMS OF M. LEPRAE— 
METHODS OF STAINING, AND THEIR SIGNIFICANCE 


J--DELVILLE 


In classical text books Hansen’s bacillus 
is described as an acid-alcohol-fast non 
cultivable organism, belonging to the genus 
Mycobacterium. 


The Ziehl-Neelsen staining technique has 
been, for long, the only method in use for the 
routine microbiological diagnosis of myco- 
bacterial infections and particularly, leprosy. 


Acid-fastness is considered as a specific 
property of Mycobacteria, related to the 
presence of mycolic acid and high lipid con- 
tent in the cell wall. Nevertheless all Myco- 
bacteria are not always necessarily acid fast. 
Moreover Asselineau (1966) gives the follow- 
ing definition of acid-fastness: ‘Acid-fastness 
is the property possessed by the majority of 
Mycobacteria, at a certain moment of their 
evolutionary cycle, of being stained with 
phenolic fuchsin and resisting decoloring with 
acids and alcohol’. 


This definition implies the possibility of a 
non acid-fast stage, related to an eventual 
cycle of certain Mycobacteria. 


This, indeed, seems to happen with Myco- 
bacterium leprae. 


By using the Ziehl-Neelsen staining as the 
only method for the microbiological diagnosis 
of leprosy, it comes out that the etiological 
agent of the disease can not always be detected 
in all leprosy patients. 


Consequently it has become a matter of 
common knowledge and a classical concept 
that M. leprae may be very scanty or even 
not detectable in some lesions. This happens 
more particularly in  tuberculoid cases. 
Nevertheless typical inflammatory lesions are 
present with involvement of peripheral nerves 
and it is difficult to assume that such lesions 
may be produced in the absence of the etio- 
logical agent of the disease. 


~ 


There is no doubt at present that the 
Ziehl-Neelsen method fails to detect M. 
leprae in some lesions where other techniques 
are able to identity them regularly. 


So it becomes questionable if M. leprae 
is always acid-alcohol-fast. As early as 1909 
Arning and Lewandowsky did already empha- 
size the fact that M. leprae is not always stain- 
able with Ziehl-Neelsen method, particularly 
in tuberculoid lesions, but is detectable with 
Gram stain. 


The presence of non acid-fast forms in 
leprosy has been confirmed by Rodriguez, 
Mabalay and Tolentino (1933), Rao (1935), 
Manalang (1938), Chatterjee (1965) and our- 
self (1974-1975). 


Since Arning and Lewandowsky, other 
and more reliable staining methods have 
been devised and introduced for the micro- 
biological diagnosis of leprosy. 


_ The morphological identification with speci- 
fic staining methods remains as yet the only 
means in routine diagnosis of leprosy. The 
mouse foot-pad inoculation is indeed not 
applicable for diagnosis in general practice. 


Consequently we will consider and discuss 
the most reliable and wide-spread methods 
useful in the microbiological diagnosis of 
leprosy. 


STAINING TECHNIQUES 


Appropriate fixation is esséntial prior to 
staining. 


Smears are heat fixed preferably after fixa- 
tion in formalin vepour for 5 minutes. 


Biopsies should be fixed as soon as removed. 
The thickness of the the tissue blocks should 
not exceed 5 millimeter for ready penetration 
of fixing fluid. 


Loa 


The most widely used fixing agent is 10% 
formalin (1 volume of 40° formaldehyde 
in 9 volumes of water). 


Some prefer Bouin’s or Zenker’s fixatives. 


After Zenker’s, sections are no more suitable 
for immuno-fluorescent techniques. 


ZIEHL-NEELSEN 


carbol fuchsin: Basic fuchsin 1 gr. 
Phenol aor: 
Alcohol 94% 10 ml. 
Distilled water 
q.s. to 100 ml. 


Smears and tissue sections (after deparaff- 
nization and dehydration) are stained in 
Carbol-fuchsin without heating, for 20 to 30 
minutes. 


After washing in tap water, decolorize with 
0.5% hydrochloric acid in 70% alcohol. 


Wash in water and counterstain with 1% 
methylene blue or malachite green for smears 
and Carazzi’s hematoxylin (according to 
Langeron) for tissue sections. 


Carazi’s hematoxylin: 


Distilled water 400 ml. 
Glycerol 100 ml. 
Potassium alum oT: 
Potassium iodate 0.1 gr. 
Hematoxylin 0.5 gr. 


_ This solution must be ripened for a few days. 


Sections are stained during plus-minus 
10 minutes in hematoxylin, washed in slightly 
alkaline water to become blue, washed in tap 
water, dehydrated and mounted in Canada 
balsam or permount according to the classical 
technique. 


WADE-FITE 


Fite (1938) emphasized the difficulty of 
demonstrating the organisms of leprosy in 
paraffinized tissues and Faraco (1938) showed 
that, by ordinary methods of demonstrating 


acid-fast organisms, the lepra bacilli are often 
not acid-fast. 


_ They devised a method of oiling the sec- 
tions before staining with carbolfuchsin. The 
oiling Testores the acid-fastness by inducing an 
artificial acid-fastness. According to Hau- 
duroy (quoted by Asselineau): ‘artificial aicd- 
fastness is only observed in the case of bacilli 


194 


belonging to the genera Mycobacterium, 
and Corynebacterium’. 


We are regularly using the Wade-Fite 
method, derived from the Fite-Faraco techni- 
que, according to the description given in 
‘histopathologic technic and practical histo- 
chemistry’ by R. D. Lillie (1965) with some 
slight modifications as follows: 


Fix preferably in Zenker’s fluid or in for- 
malin. Embed in paraffin as usual. Sec- 
tions are mounted on slides with Mayer’s 
glycerol albumin. Dry overnight at 37°C. 


1. Deparaffinize in 2 parts rectified turpen- 
tine, | part paraffin oil, 2 changes in 
5 minutes. 


2. Drain, wipe back and edges of slide, 
blot with filter paper until section 
appears opaque. Let stand in water 
until staining. 


3. Stain 1 to 2 hours in carbolfuchsin. 
Wash in water. 


4. Cover slide with 37-40% formaldehyde 
(reagent grade) for 5 minutes. 


5. Extract 5 minutes in 5% (v/v) sulfuric 
acid. Wash in water. 


1% potassium permanganate, 3 minutes. 


Bleach with 2% oxalic acid, preferably 
less than 30 seconds, and not more than 
60 seconds. Use 5% oxalic acid if 
sections do not decolorize readily. 


8. Stain 10 minutes in Carazzi’s hematoxy- 
lin as after Ziehl-Neelsen. 


9. Dehydrate and mount preferably in 
synthetic resin (permount or the like) 
according to the classical technique. 


In most biopsies of leprosy lesions showing 
no or only few bacilli with the classical Ziehl- 
Neelsen method, several to very numerous 
bacilli and even globi become visible with the 
Wade-Fite technique. This technique is 
however not suitable for smears. 


NYKA METHOD 


Nyka (1967) described a method for stain- 
ing both acid-fast and chromophobic tubercle 
bacilli with carbolfuchsin. Prior to carbol- 
fuchsin staining (i.e. Ziehl-Neelsen), slides 
are oxidized in a 10% periodic acid aqueous 
solution during 4 hours for tissue sections 
and 4 to 24 hours for smears. 


LEGEND TO FIGURES 


Fig 1. Section of human leproma (non-treated early 
lepromatous patient). 


(a) Ziehl-Neelsen stain — x 215 


(b) Wade-Fite stain x 215 (e) Immunofluorescence with anti-diphtheroid serum 
and counterstain with Evans blue — x 215 


No striking difference between the different staining 

techniques, but bacilli and globi are more deeply 

stained with Wade-Fite and Nyka stain and seen 
some more numerous. 


(c) Nyka stain — x 215 


(b) Wade-Fite stain : numerous bacilli and 


Fig 2, Section of human leproma (treated patient). ee < 535 
(a) Ziehl-Neelsen stain : few bacillt are 


visible eae 
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Fig 3. Section of human leproma (treated patient). (b) Cryostat section, Auramine stain alter toluol 


Tres oO * $5 realh ore 9} ~~ ee 9145 
(a) Cryostat section, Auramine stain : numerous treatment: few bacilli remain visible ai 


bacilli and few globi sey te 


(Cc) Section after paraffin embedding, Auramine stain 


after denarafinieat; Pape I. 7 aes 
alter deparaffinization according to Wade-Fite: 
numerous bacilli and globi— x 215 


per. 


Reich et al. (1972) having done a quantita- 
tive comparison of standard Zichl-Neelsen 
versus Nyka stained smears from leprosy 
patients, conclude that some leprosy bacilli 
are chromophobic to the routine Ziehl- 
Neelsen stain. 


We use regularly the Nyka technique for 
staining smears and tissue sections to detect 
M. leprae, but with some modification of the 
original method. Instead of a 10% solution 
of periodic acid, we use a 1 *% solution and for 
half an hour only, for smears and tissue sec- 
tions, with very good results. 


FLUOROCHROME STAINING 


Fluorochrome staining is generally superior 
to the Ziehl-Neelsen method, but is not in 
common use to detect M. leprae, perhaps 
owing to the more expensive microscope 
needed and to some difficulties in field work. 


Lacordaire Lopes de Faria (1974), com- 
paring fluorescent staining with Fite-Faraco 
procedure, concludes that for tissue sections 
the Fite-Faraco is superior to auramine and 
rhodamine staining, but that fluorescent stain- 
ing gives better results than the Ziehl-Neelsen 
stain in tissue sections and smears. 


We fully agree with this opinion and for 
smears, in our experience, the fluorochrome 
procedure is definitely superior to the Ziehl- 
Neelsen method. However for tissue sec- 
tions the fluorochrome staining can be im- 
proved to give same results as the Fite-Faraco 
or Wade-Fite procedures. By deparaffi- 
nizing tissue sections with a mixture of tur- 
pentine and paraffin oil, instead of toluol, 
prior to auramine staining, same results are 
obtained as with the complete Wade-Fite 
procedure. 


The detail of our procedure for tissue sec- 
tions is as follows: 


The two first steps are same as in Wade- 
Fite method. 


1. Auramine 0.1 gr. 
stain 15 minutes 


Phenol 5° solution 100 ml. 


Auramine is dissolved by aid of a magnetic 
stirrer and the solution is filtered before use. 
2. Wash in tap water 


3. Decolorize with 0.5% HCI in 70% 
alcohol ; 


4. Wash in water 


5. Treat for 20 seconds with 0.1°% aqueous 
solution of potassium permanganate 
or counterstain with Fvan’s blue, 0.1% 
aqueous soln. for 5 minutes, 


6. Wash in water and mount in buffered 
glycerol (glycerol 9 volumes+1 volume 
phosphate buffered saline). 


Slides are preferably examined immediately 
on fluorescent microscope, or within a few 
hours, and in the mean time preserved in the 
dark. 


Smears, after fixation, are similarly stained. 
and examined in buffered glycerol immersion. 


RELATIVE VALUE AND SIGNIFICANCE 
OF DIFFERENT STAINING TECHNI- 
QUES 


All bacilli stainable with Ziehl-Neelsen are 
also stainable with Nyka, Wade-Fite, Aura- 
mine and Gram methods. 


Gram stain is not suitable to detect M. 
leprae in smears and is not commonly used 
for staining tissue sections, where M. leprae 
are however easily recognizable. 


Ziehl-Neelsen isa reliable method for smears 
and tissue sections, but only for non-treated 
lepromatous patients, where however more 
bacilli are often detectable with Auramine, 
Nyka and Wade-Fite methods. 


Before becoming acid-alcohol-fast and stain- 
able with Ziehl-Neelsen, bacilli are already 
detectable with Nyka, Gram and Wade-Fite. 


Bacilli stainable with Nyka, but not yet 
with Ziehl-Neelsen, do contain polysaccha- 
ridic substances also detectable with Schiff’s 
method. When in treated patients bacilli 
are no more stainable with Ziehl-Neelsen and 
Nyka, polysaccharidic substances are also no 
more detectable. 


Wade-Fite method is not suitable for smears 
but is the most reliable method for tissue 
sections, where however same results are 
obtainable with auramine staining after de- 
ee on with turpentine and paraffin 
oil. 


In borderline cases Ziehl-Neelsen and aura- 
mine detects more or less bacilli but no globi. 
With Wade-Fite, Auramine after depara- 
ffinization according to Wade-Fite and Nyka, 
much more bacilli and globi become visible 
and then polysaccharidic substances are stain- 
able with Schiff’s method. Sometimes with 
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Ziehl-Neelsen method non acid-fast bacilli, 
morphologically similar to the diphtheroid 
bacilli isolated from leprosy patients, are also 
visible. 


In tuberculoid and indeterminate lesions 
Ziehl-Neelsen method fails very often to detect 
M. leprae, even in non-treated patients. 
More or less numerous bacilli are however 
detectable with Wade-Fite, Auramine after 
deparaffinization according to Wade-Fite or 
Nyka methods, and polysaccharidic subs- 
tances are also visible with Schiff’s method. 


Following treatment, bacilli stainable with 
Ziehl-Neelsen and Nyka staining are pro- 
gressively reduced but maintain for some time 
their stainability with Wade-Fite, Auramine 
and Gram’s. 


The difference between the different staining 
methods is most obvious in borderline and 
tuberculoid biopsies. No or only few bacilli 
being detectable after Ziehl-Neelsen staining, 
tissue sections may be stuffed with bacilli 
after Wade-Fite, Nyka, Auramine or Gram 
staining. These bacilli are also detectable by 
immunofluorescence with anti MM. Jeprae 
or anti-diphtheroid sera (sera prepared 
against diphtheroid strains isolated from 
leprous material). 


One may conclude that Ziehl-Neelsen stain- 
ing is not a sufficiently accurate or sensitive 
method to detect M. leprae and consequently 
may not be the only oriterion to decide that a 
patient is no more contagious or need to stop 
treatment. 


In practice Wade-Fite or other variants of 
Fite-Faraco seems the most suitable and 
reliable methods to detect M. Jeprae in tissue 
sections, and for smears, Nyka and Auramine 
methods. 


When bacilli are detectable in leprosy lesions 
whatever the method used, they are always 
visible with immunofluorescent technique 


using either anti M. leprae or anti Diphtheroid 
sera. 


LOSS OF ACID-FASTNESS 


Fisher and Barksdale (1971) reported the 
elimination of the acid-fastness but not the 
Gram positivity of leprosy bacilli after extrac- 
tion with pyridine. This has been confirmed 
by Convit and Pinardi (1975) and by us 
(1975) and is generally considered as specific 
for M. leprae, other Mycobacteria being not 
affected after such treatment. However acid- 
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fastness is not definitely lost after pyridine 
treatment and can be restored at least partially 
when stained with Wade-Fite or Nyka 
methods. 


Acid-Fastness may also be lost after toluol 
or xylene treatment, and this explains the diffe- 
rence sometimes observed between fresh 
smears and tissue sections from same biopsy. 
This is especially demonstrative in leproma 
from treated patients where the Ziehl-Neelsen 
staining may detect numerous acid-fast bac- 
teria and globi in smears and cryostat tissue 
sections, but only few, if at all, in tissue 
sections from paraffin embedded blocks from 
same biopsy. After paraffin embedding, 
bacilli are however still present and demons- 
trable with Wade-Fite, Gram and Nyka 
stains. But Nyka method does not always 
stain as such bacilli as Wade-Fite. Disin- 
tegrating bacilli, especially consequent to 
treatment, may be no more stainable either 
with Ziehl-Neelsen or Nyka methods. 


In non-treated lepromatous patients toluol 
does not removed acid-fastness and no stri- 
king differences are observed between smears 
and tissue sections stained with Ziehl-Neelsen 
method, but more bacilli may be detected after 
Nyka_ staining. This becomes_ especially 
obvious when different staining techniques are 
applied to serial sections or by staining same 
section successively with different methods. 
Nyka after Ziehl-Neelsen or Auramine, or 
Schiff, or Ziehl-Neelsen after Auramine or 
immunofluorescent technique are most 
appropriate for successive staining. 


Toluol and pyridine susceptibility of M. 
leproe are not completely assimilable. All 
M. leprae, either from treated or non treated 
leprosy patients loss their acid-fastness after 
pyridine treatment, whereas toluol removes 
the acid-fastness from bacilli only from treated 
lepromatous patients, and perhaps from tuber- 
culoid and some borderline cases at least 
partially. 


ACID-FASTNESS OF MM. LEPRAE IN 
MICE FOOT-PAD 


M. leprae adapted to mice foot-pad are 
stainable with Ziehl-Neelsen method in smears 
but not at all in tissue sections. This is gene- 
rally attributed to the decalcification proce- 
dure. This is however not the genuine 
reason, but bacilli in mice are toluol depen- 
dent. In sections of the soft tissue of infected 
mice foot-pad, embedded in paraffin without 
decalcification, bacilli are no more stainable 


with Ziehl-Neelsen but are detectable with 
Nyka, Wade-Fite or Gram methods. 


In smears much more bacilli are detected 
after Auramine staining. 


In recently inoculated mice with bacilli 
from fresh human leproma, bacili remain stain- 
able with Ziehl-Neelsen method in tissue 
sections, but after disappearance of the 
inoculum and active multiplication of M. 
leprae they lose their Ziehl-Neelsen acid- 
fastness in classical tissue sections, toluol- 
fastness being completely lost. 


The particulat behaviour of M. leprae in 
mice may probably be ascribed to a particular 
specific property of mice histiocytes or cellular 
immunity, which impedes the development 
of a lepromatous type of infection. 


CONCLUSION AND DISCUSSION 


All our observations lead to conclude that 
M. leprae must be a dimorphous organism, 
existing in a nonacid-fast and an acid-fast 
stage. 


Dimorphism is a well known feature in 
mycology and it was not without relevance 
that outstanding mycologists had been in- 
vited at the LWM-AFIP CONFERENCE 
ON RESEARCH PROBLEMS IN LEPROSY 
in 1965, where the cultivation problem was a 
particular goal. 


What is the relation between the non acid- 
fast and the acid-fast bacilli in leprosy 
patients? Are the non acid-fast bacilli pre- 
cursors or degenerating forms of the acid- 
fast bacilli, or are they completely different 
organisms? ~ 


One must distinguish between two types of 
non acid-fast bacteria; those which are and 
those which are not stainable with Nyka 
staining, i.e. those which contain polysaccha- 
ridic substances and those devoid of such 
material. In our opinion, resulting from our 
numerous observations, the non acid-fast 
bacilli containing polysaccharidic substances 
are precursors of the acid-fast forms, whereas 
those devoid of such material are degenerating 
bacilli having lost their acid-fastness 


All these bacilli, acid-fast and non acid- 
fast, react in immunofluorescence with sera 
prepared against ‘Diphtheroid’ like strains 
isolated from leprosy patients and with anti 
M. leprae serum. 


Acid-fast bacilli, nondistinguishible from 
M. leprae, can, though not regularly, be ob- 
served in foot-pad of mice and in human 
macrophages inoculated with Diphtheroid 
strains. Most human beings in contact with 
leprosy patients do indeed no more develop 
the disease. 


Rabbits immunized with Diphtheroid stra- 
ins and tested with lepromin develop a late 
Mitsuda type response. 


Consequently a _ relation between. the 
diphtheroids isolated from leprosy patients and 
M. leprae may be postulated (Chatterjee, 
1976). 


Multiplication of acid-fast forms of M. 
leprae may be host dependent, whereas non 
acid-fast (supposedly precursor) forms could 
have an autonomous metabolism and conse- 
quently able to grow in vitro. 


One may not be deliberately unaware of the 
problem of the so called ‘Diphtheroids’, 
which are the most frequently isolated strains 
from leprosy patients and can also be 
recovered from inoculated mice, even if we 
have not yet experimental proof that the 
diphtheroids could represent a phase in the 
developmental cycle of the causative organims 
of leprosy. 


In the mean time the ‘Diphtheroids’ are 
already very useful in sero-diagnosis. Exhibi- 
ting very high sensitivity in immunofluore- 
scence and needing no special treatment they 


prevail over M. leprae or other Mycocacterial 


antigens. 


The hypothesis of a developmental cycle 
in the causative agent of leprosy could provide 
an explanation of the clinical and histopatho- 
logical evolution of certain leprosy lesions. 


In indeterminate and tuberculoid leprosy 
in which leprosy bacilli are scanty or appa- 
rently absent, the causative organisms may be 
present, but in a. transitional form. The 
non acid-fast forms may be more vulnerable 
and more easily destroyed by the cellular 
reaction of the host. They can acquire acid- 
fastness only as a result of a failure of the 
defence mechanism of the host, which is the 
case in lepromatous and some kind of border- 
line leprosy. 


In tuberculoid leprosy, the bacilli cannot, 
except in a small proportion, acquire acid- 
fastness. In borderline leprosy, the bacilli 
acquire this acid-fastness in progressive 
fashion; and in lepromatous leprosy, there 
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is still a small proportion of bacilli that has 
failed to acquire acid-fastness. These may 
represent the vegetative form that is capable of 
rapid multiplication in vivo and perhaps of 
growth in vitro. 


The abacillary and paucibacillary lesions 
that transform in a relatively short time into 
lesions that are crammed full of acid-fast 
bacilli, are only with difficulty explicable in 
terms of a generation time of 10 to 15 days. 
With such a generation time, an increase of 
6 logarithmic units would need 8-10 months, 
a supposition incompatible with the rapid 
appearance of florid lesions full of acid-fast 
bacilli: on the other hand, if the transforma- 
tion of non acid-fast organisms into acid-fast 
organisms can be the result of a failure in the 
defence mechanism of the host, this observa- 
tion can be perfectly explained. 
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MYCOBACTERIUM LEPRAE IN THE BLOOD 


DAVID J. DRUTZ, AND AUDIE L. MURPHY 


INTRODUCTION 


Leprosy is a systemic infectious disease. 
This is particularly obvious toward the lepro- 
matous end of the spectrum where diffuse and 
symmetrical involvement of skin, nerves, and 
skin adnexa, and heavy bacillary seeding of 
reticuloendothelial tissues suggest strongly the 
hematogenous’ dissemination of Myco- 
bacterium leprae. The systemic nature of 
leprosy is less readily apparent at the tuber- 
culoid pole of the spectrum where no more 
than one or two asymmetric paucibaciliary 
neurocutaneous lesions occur. Nevertheless, 
leprosy bacilli may be found in clinically 
normal nerves remote from sites of obvious 
disease (1); other nerves may show histologic 
abnormalities without bacilli (2); and the liver 
may be the site of apparent miliary granu- 
lomata (3-5). Hence it seems likely that 
tuberculoid leprosy may be more widespread 
than its obvious clinical manifestations 
suggest, and may be preceded by a stage of 
hematogenous dissemination. 


Presently, there is considerable interest in 
the possibility that leprosy may be spread by 
the respiratory route from the nasal mucosa 
of patients with advanced lepromatous disease 
(6-8). Ina susceptible contact, leprosy bacilli 
might replicate transiently in alveolar macro- 
phages and/or spread by the pulmonary 
lymphatics to the bloodstream. Such a 
sequence of events would be entirely 
comparable to the situation in tuberculosis, 
where a primary silent bacteremia is quite 
common (9). The subsequent fate of hemato- 
genously disseminated M. leprae would then 
depend upon the intrinsic immunity of the 
host to this microorganism. In the majority 
of contacts, clinical illness might not occur. 
In others, a vigorous host response might 
restrict infection to a limited number of foci, 
with tuberculoid or near-tuberculoid leprosy 
being the result. In some patients, total 
failure of host defenses might result in disse- 
minated infection at the outset with a resulting 
picture of lepromatous leprosy. (It should be 


noted, of course, that a primary silent 
bacteremia could occur even if the site of 
introduction of M. leprae into the body 
should prove to be the skin, rather than the 
lung (10). 


It is currently impossible to study a postu- 
lated primary leprosy bacteremia in man in 
the absence of criteria for establishing the 
diagnosis at an extremely early stage of infec- 
tion, and without a technique for cultivating 
M. Irprae in vitro. That M. leprae may spread 
hematogenously from cutaneous or respiratory 
sites of primary infection has been established 
unequivocally, however, in thymectomized 
and irradiated mice (7, 11, 12); in thymecto- 
tomized and antithymocyte serum-treated 
rats (13); in armadillos (14, 15); and in 
normal mice at the extremes of their lifespan 
(16). 


The purpose of this communication is to 
discuss not ‘“‘primary”’ leprosy bacteremia, but 
the bacteremia which is associated with 
leprosy infection which has become advanced 
and clinically apparent. In a sense, such 
bacteremia represents a secondary invasion of 
the bloodstream, comparable, perhaps, to 
that occurring in hematogenous infection by 
Staphylococcus aureus. 


HISTORICAL ASPECTS 


Leprosy bacteremia was an object of intense 
investigation at the turn of the 20th century ; 
some 80 articles concerning this subject were 
published between 1890 and 1916 (17-21).* 
The impetus for investigation of leprosy bac- 
teremia could be attributed to three areas of 
concern : 


(a) search for an explanation for visceral/ 
systemic invofvement in advanced infection ; 


(b) evaluation of the possibility of trans- 
splacental transmission of bloodborne 


* Early studies are reviewed in references 19-21. 
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M. leprae (the communicable versus here- 
ditary transmission of leprosy issue being a 
highly contested one at this time); 


(c) evaluation of the possibility of trans- 
mission of the disease by biting, blood- 
sucking insects. 


' Although many of the early studies of 
leprosy bacteremia did report the presence of 
bacilli in smears of the blood (especially during 
“lepra_ reactions” or “febrile eruption 
periods”), these studies were criticized by 
later workers on the grounds that they failed 
to differentiate bacilli which may have 
contaminated blood smears through puncture 
of involved skin from bacilli which were truly 
blood-borne (21). The additional possibility 
that acid-fast bacilli (AFB) in the blood might 
represent extrinsic contaminants from reagents 
used in the preparation of blood smears was 
investigated by Crow in 1912 (18). By the 
use of autoclaved, double glass-distilled water, 
concentrated nitric acid washes of glassware, 
and cultivation of all reagents, he concluded 
that AFB were present intrinsically in the 
blood of leprosy patients. The bacilli were 
found most easily in patients with the “rapidly 
progressive tubercular* type” of leprosy. In 
relation to the possibility of contamination of 
blood from AFB in the skin, he commented : 
“To my mind, the greatest possibility of 
contamination was from the skin in inserting 
the needle when blood is drawn.’ He 
attempted to compensate for this, however, 
by selecting healthy areas of skin for the 
drawing of blood. 


In 1916 Hollmann carried out similar 
studies, but also directly examined the site of 
venipuncture for cutaneous AFB (20). In all 
cases, blood had been drawn from “an 
apparently healthy portion of the skin.” In 
five of six bacteremic leprosy patients, AFB 
were present in the skin at the site of veni- 
puncture ; in the sixth, AFB were present 
only in the blood. Unfortunately, Hollmann 
failed to indicate clearly whether he consi- 
dered the bacteria in the blood to represent 
contaminants from the skin, or whether (as 
indeed seems to be the case), he considered 
bacteria found in smears of the apparently 
normal skin of the venipuncture site to 


represent contaminants deposited there from 
the blood. y 


The topic lay in an ambiguous state until 
1933, when Dr. John Lowe published an 


*i.e., lepromatous leprosy [22]. 
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important paper in The Indian Medical 
Gazette (21) which established the following 
points : 


(a) thick smears of the blood of the finger 
tip, prepared in the manner of a malaria 
smear, are Often falsely positive since they 
reflect the presence of leprosy bacilli in the 
tissues of the finger tip ; 


(b) in blood obtained by venipuncture, it 
is impossible to identify (and thus avoid) 
infected skin by observation alone. In the 
words of lowe: ‘“‘We have seen dozens of 
‘normal’ areas of skin in which millions of 
acid-fast bacilli could be found’’; 


(c) even venous blood obtained from 
apparently healthy skin at the antecubital 
fossa is subject to contamination by M. leprae, 
although perhaps less so than finger tip blood. 
(Thus, 24 of 24 patients with positive AFB 
smears from finger tip blood had positive 
finger-tip skin smears for AFB, whereas only 
15 of 21 patients with positive smears from 
venipuncture blood had positive skin smears 
for AFB at the venipuncture site.). 


(d) bacillemia is more likely to be present 
in cutaneous (lepromatous) than in neural 
(tuberculoid) leprosy. (Blood smears were 
positive in 15 of 21 patients with cutaneous 
leprosy, but in only two of 23 with neural 
leprosy.) 


(e) identification of leprosy bacilli in the 
blood is extremely complicated and is not 
necessary for the diagnosis of leprosy. 


In 1936, Mostert investigated leprosy 
bacillemia by a method employing preparation 
of a thick smear from venous blood which was 
de-hemoglobinized with tap water (23). 
Recognizing the problem of potential skin 
contamination of blood smears, he injected 
0.5 ml of normal saline to clear the veni- 
puncture needle before obtaining his blood 
specimen. Considering that extracellular 
bacilli were most likely to represent 
contaminants from the skin, he accepted the 
occurrence of true bacteremia only in patients 
in whom bacilli were visible in cells of the 
peripheral blood. Under these circumstances 
15 of 15 patients with ‘“‘nodular” leprosy were 
found to have bacillemia. He concluded that 
‘“‘bacillaemia is therefore the rule in nodular 
leprosy and not only the case during acute 
exacerbations of the disease.’’ Of the blood 
cells which contained bacilli, 80% were large 
mononuclears; 3% were small mononuclears; 
and 17°% were polymorphs. In one instance 


a gaint cell with a pale eccentric kidney 
Shaped nucleus was found to be packed 
with bacilli. Bacilli contained in the cells 
were noted to vary greatly jin morphology, 
but a number were said to be straight, well- 
formed rods. 


Mostert also studied the occurrence of 
bacteremia in five patients with nodular 
leprosy and “acute exacerbation.” All five 
patients were bacteremic and the outstanding 
feature in all was the abundance of intra- 


cellular and extracellular bacilli encountered. . 


Again, 80% of the bacilli were in large mono- 
nuclear cells. 


It is apparent that Mostert anticipated many 
of the findings that were to be reported in 
studies of leprosy bacteremia four decades 
later. It is of particular interest that this 
author’s work is seldom, if ever, referenced 
in subsequent literature, which has led to his 
perceptive investigations having been over- 
looked by many workers, myself included (24). 


Studies providing further real insight into 
leprosy bacteremia were nonexistent until 
1941 when Dr. George Fite published a most 
important paper entitled, ‘The Vascular 
Lesions of Leprosy” (25). In a histo- 
pathologic study of 77 cases of leprosy he 
concluded that : 


(a) there is vascular involvement in nearly 
every severe case of the disease (Particularly 
nodular and ‘“‘mixed”’ forms); 


(b) vascular involvement is not present at 
the start of a lesion, but occurs only as lesions 
age and achieve chronic activity ; 


(c) M. leprae involves not capillaries alone, 
but entire terminal vascular loops consisting 
of arterioles, capillaries, and venules. The 
bacilli are located most prominently in 
endothelial cells ; however, intima, media, 
and adventitia may all be involved ; 


(d) pericapillary bacillary infiltrates are 
commonly encountered, particularly at the 
margins of active foci, and may constitute 
one of the important paths by which infiltra- 
tions and nodules enlarge in size ; 


(e) larger arteries and veins may be in- 
volved by direct spread of bacilli in the 
vascular endothelium ; 


(f) still larger vessels may become infected 
via passage of microorganisms through vasa 
vasorum ; 


(g) based upon these observations he 
postulated that there would be “a continual 
discharge of variable degree” of bacilli from 
the endothelial cells of infected veins into the 
circulating blood. He supported _ this 
contention by observing the presence of heavy 
bacillary seeding of Kupffer cells and ‘splenic 
pulp cells’ independent of the occurrence 
of miliary parenchymal lepromata. Fite 
concluded that “the vascular infection effects 
a continuous intravenous autoinoculation of 
lepra bacilli.” 


/ 


In 1963 Rhodes-Jones carried out a study of 
leprosy bacteremia using thick smears of 
venous blood (26). This study differed from 
others in its attempt to relate the occurrence 
of bacteremia to clinical subtypes of leprosy. 
M. leprae were present in the blood of 26 
of 59 lepromatous, four of 22 tuberculoid, 
four of seven borderline, five of nine dimor- 
phous, and zero of: four indeterminate cases 
of leprosy. The only precaution which was 
observed to prevent cutaneous contamination 
of the blood specimen, however, was surgical 
exposure of the vein prior to venipuncture in 
two patients. The blood was positive in both 
cases. It is, therefore, impossible to rule out 
entirely the possibility of contamination in 
other cases. 


Taken together, the above studies would 
suggest that bacteremia is an integral occur- 
rence in advanced cases of leprosy, and that 
endothelial and pericapillary spread of leprosy 
bacilli together with frank hematogenous 
dissemination of microorganisms might 
explain the widespread nature of lepromatous 
disease. What is remarkable is that standard 
authoritative works on leprosy have taken 
little substantial notice of these observations 
(27-29). In infectious diseases in general, 
invasion of the peripheral blood is a dramatic 
and highly significant event which reflects the 
breakdown of local host defense mechanisms. 
Conversely, disappearance of microorganisms 
from the blood has major significance, 
suggesting that the host has, often with the 
help of antimicrobial agents, gained the upper 
hand in the host-parasite interaction. Failure 
of bacteremia to clear in the face of an 
appropriate therapeutic regimen has serious 
diagnostic and _ prognostic implications. 
Generally the occurrence of bacteremia has 
life-threatening implications ; these clearly do 
not apply in leprosy. Presumably this is the 
reason that documentation of leprosy 
bacteremia had not excited more comment in 
earlier standard works on leprosy. 
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MORE RECENT STUDIES 


In light of the absence from the general 
medical literature of any significant commen- 
tary regarding the occurrence of leprosy 
bacteremia or its likely role in dissemination 
of the disease, it was inevitable that many 
studies would be repeated by investigators 
unaware of previously published data. Such 
has continued to be the case over the past 
two decades. Some of the studies conducted 
by my own group are also subject to this 
criticism, as will become apparent. 


Approximately 10 years ago I had the good 
fortune to be assigned for two years’ military 
duty to the United States Naval Research 
Unit No. 2 (NAMRU-2) in Taipei, Taiwan. lI 
had just completed training in general internal 
medicine followed by a two-year fellowship 
in Infectious Diseases in the laboratory of 
Drs. David Rogers and M. Glenn Koenig at 
Vanderbilt University School of Medicine in 
Nashville, Tennessee. A major interest of 
that laboratory was reticuloendothelial blood- 
stream clearance mechanisms. Hence, I had 
come to Taiwan prepared to study 
reticuloendothelial function in pertinent 
diseases of Southeast Asia. 1 had never 
before seen a case of leprosy, but was intrigued 
by studies of the immunology of leprosy 
published by Dr. Ward E. Bullock, one of my 
predecessors at NAMRU-2 (30). During this 
time, Drs. Wen-Hsiang Lu, Thomas Chen 
and I became interested in the visceral 
manifestations of advanced leprosy. We 
were surprised to find few published data 
pertaining to clinical aspects of leprosy bacte- 
remia or the relation of the bacteremia to 
visceral lesions. As a result, a series of 
studies devoted to evaluation of the clinical 


aspects and accompaniments of M. leprae 
bacteremia was begun. 


_The techniques employed were relatively 
simple and familiar ones: thorough clinical 
and histologic evaluation of patients according 
to the 5-part Ridley-Jopling classification (31); 
slit smears of the skin with calculation of 
bacterial indices and solid ratios (32); multiple 
skin biopsies; Dharmendra and Mitsuda 
skin testing (33); careful documentation of any 
associated disease, infectious or otherwise, 
which might influence interpretation of data 
obtained; needle biopsies of pertinent organs 
(liver and bone marrow; sometimes kidney) 
to evaluate extent of systemic infection; and 
use of appropriate laboratory procedures to 
identify subtle biochemical abnormalities 
which might shed light upon the consequences 
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of hematogenous infection. In the absence of 
techniques for culturing the blood for M. 
leprae, smears of the buffy-coat (leukocyte 
cream) were prepared (34). Figure 1 


PREPARATION OF THE BUFFY COAT SMEAR 


plasm ( Discord) 


Loyer 
_—~ Buffy Pasteur 
peed! Pipette 
’ Buffy Coot Smeor 
(Acid-Fest Stein) 
_— RBC Loyer 
Wintrobde 
Hematocrit 
Tube 


Fig. 1. Preparation of the buffy-coat smear. Hepar- 
inized blood was centrifuged in Wintrobe hematocrit 
tubes, and smears of the buffycoat were prepared, 
stained with the Ziehl-Neelsen method, scanned for 
30 minutes by one technician, and graded semi- 
quantitatively according to the frequency witn which 
bacilli were encountered. The entire buffy coat from 
3 ml of blood was examined. 


illustrates how this material was processed. 
Blood was obtained by venipuncture at the 
anticubital fossa. The first 5 ml. of blood 
were discarded in order to eliminate any 
possibility of contaminants from the skin;; the 
next 3 ml. were obtained in a fresh heparin- 
containing syringe. In a number of studies, 
a six inch long polyethylene catheter was 
passed into the vein and specimens were 
obtained serially which were clearly free of 
any cutaneous contamination... 


The results of studies on 32 patients are 
summarized in Table 1. Acidfast bacilli were 
demonstrable in the blood of 25 of 32 patients, 
whereas control smears prepared from the 
blood of eight normal control subjects were 
repeatedly negative. In general, the frequency 
and intensity of bacteremia correlated closely 
with the type of leprosy, the BI of the skin, 
and the duration of therapy. Bacteremia was 
most pronounced in six patients with 
previously untreated LL leprosy. In four of 
these patients (mean BI, 5.9), AFB were 
present in every buffy-coat smear and were so 
numerous as to be immediately apparent in 
scanning at a magnification of 480 times. 
Two of three patients with LL leprosy who had 
taken DDS for two to three months (BI’s of 
6.0 and 5.9) also had strongly positive buffy- 
coat smears on every occasion. 


In patients with LL leprosy and erythema 
nodosum leprosum (ENL), bacteremia was 
less frequent and less intense than in otherwise 
comparable patients with uncomplicated LL 
leprosy. Thus, three untreated patients with 
ENL had a few AFB demonstrable in only 
54% of buffy-coat smears despite concen- 
trations of AFB in the skin identical (although 
with fewer solid-staining bacilli) to those of 
the four patients with untreated LL leprosy 
and intense bacteremia. We considered the 
sparse bacteremia to reflect accurately the 
decline in bacillary viability which apparently 
predisposes to ENL (35). 


A more thorough search was required to 
locate AFB in buffy-coat smears from LL 
patients who had been treated for more than 
one year. Such bacteria were sparse. 
Nevertheless, the detection of bacteremia in 
patients who had apparently received effective 
therapy for this period of time was most 
impressive. 


' Four of five patients with BL or BB leprosy 
were bacteremic. Further, four of seven 
patients with BT leprosy also had very rare 
AFB in buffy-coat smears despite the apparent 
absence of AFB from skin biopsies and smears 
of tissue fluid. These bacilli may have been 
artefacts, but it is more likely that biopsies 
and slit smears were not obtained from 
involved areas of the skin. (In this respect 
the buffy-coat smear may be used to real 
advantage, for it essentially ‘samples’ all 
areas of the body simultaneously.) Further- 
more, A BI “0” indicates only that no AFB 
were seen in 100 microscopic fields; lower 
concentrations might have been overlooked. 
These studies suggest that bacteremia is not a 
phenomenon restricted to LL leprosy, but 
occurs in a declining degree across the broad 
spectrum of leprosy. 


The repeated demonstration of AFB in the 
blood of six patients with untreated LL 
leprosy suggested that leprosy bacilli might 
be present in their blood continuously. To 
test this hypothesis, and to eliminate any 
remaining possibility that buffy-coat smears 
might be contaminated by AFB from the skin, 
blood specimens were obtained from three 
untreated patients with LL leprosy (mean BI, 
6.0) every six hours for two days via six inch 
long indwelling intravenous cannulas. Every 
single buffy-coat specimen contained nume- 
rous AFB. In similar -studies of other 
patients, rare AFB were present on seven of 
eight occasions in the blood of one LL 


patient treated for one year (BI, 3.2), and on 
five of eight occasions in a patient with un- 
treated BL leprosy (BI, 4.3). Only one single 
AFB was demonstrable in a monocyte in 
eight sets of blood specimens obtained from 
one patient who had BB leprosy (BI, 0.9). 
Extracellular M. leprae were encountered 
frequently in these preparations which were 
free of any possibility of skin contamination 
(Figure 2). Hence, extracellular AFB do 
circulate in the blood of patients with leprosy, 
and do not necessarily reflect contamination 
of blood specimens from AFB in the skin, as 
had been suspected by Mostert (23). 


Fig. 2 Extracellular AFB in a smear of the buffy 
coat from a patient with untreated LL leprosy. 


As had been suggested by the work of 
Mostert (23), AFB were found in poly- 
morphonuclear (PMN) and mononuclear 
phagocytes (Figure 3, a and b; Figure 4, 
and b). Polymorphonuclears rarely con- 
tained more than one to three AFB. 
There apeared to be two populations of AFB- 
bearing mononuclear phagocytes: those with 
one AFB only, and those with 10 or more 
AFB. The latter cells often had the morpho- 
logic appearance of large histiocytes 
(Figure 5). In blood taken from the earlobes 
of patients with LL leprosy, large numbers 
of these bacillus-bearing histiocytes were seen. 
(The microcirculation of the earlobe is a rich 
source for bacteria-bearing histiocytes in 
chronic bacteremic conditions such as bacte- 
rial endocarditis (36). The distribution of 
AFB in the mononuclear phagocytes from 
peripheral blood specimens of three untreated 
patients with LL leprosy is shown in Figure 6. 


Bacteremia was quantified by calculating 
the concentration of AFB-bearing cells in the 
peripheral blood, correcting for the total and 
differential white blood cell count, and finally 
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TABLE 1 


INCIDENCE OF BACTEREMIA AND VISCERAL INVOLVEMENT IN 
PATIENTS WITH LEPROSY 


DURING INITIAL THREE-WEEK OBSERVATION 


Bacteremia. Inten- Tissue-Fluid 
Leprosy Prior Total —_——-____ sity Bacterial 
Type Therapy No. of No. of Positive of Index} 
Pati- Pati- Smears’ Bact- 
ents ‘ents ere Mean Range 
No. 4) ae 
Pr 2,» ee eS 
Ei None 6 6 58/68 85 3-44 55 4 -6 
DDS, 2-3 mo 3 3 18/24 75 3—4+ 5.7  5.2-6 
DDS, 1 yr ] ] 7/10 70 2+ 3.2 
DDS, 5-10 yr 3 2 4/16 25 1+ 09 O -1.8 
LL; ENL None o 3 14/26 54 1—2+ 5.9  5.8-6 
DDS, 3-4 yr 2 2 3/19 16 1+ 4.0 3.4-4.5 
DDS, >10 yr 2 0 0 0 Ome 2a 2- -2.8 
BL None 2 2 16/39 41 1—2+ 5.2 4.3-6 
BB None 3 2 5/18 28 1+ 1.6 0.9-2.7 
BT None a o 6/34 18 1+ 0 


AFB in viscerat 


Liver Bone Kid- 


6/6 
3/3 
1/1 
0/2 
3/3 
0/1 
2/2 
1/2 
0/6 


ney 
Marrow 
2/4 1/2 
wee. Of1 
1/1 — 
0/1 0/1 
ae ae 
— 0/1 
0/1 0/2 
2/2 — 
0/1 0/1 
0/1 — 


* Estimated intensity of bacteremia; 1+, single AFB found after 30.minute search (100 X oil objective, 12X 
oculars); 4+, numerous AFB immediately apparent in scanning with a 40X objective and 12 X oculars. 

+ Bacterial index : 1, 1 to 10 AFB per 100 fields (100 X objective, 12 X oculars); 2, 1 to 10 AFB per 10 fields; 
3, 1 to 10 AFB per field; 4, 10 to 100 AFB per field; 5, 100 to 1000 AFB per field; 6, more.than 1000 AFB 
per field. Values listed are the means from the six to eight sampled. 


+ Number of positive biopsy specimens/total specimens examined. No patient had more than one biopsy during 


the period of observation. 


Reproduced, with permission, from Drutz, DJ, et al : 


TABLE 2 


ACID-FAST BACILLI (AFB) IN LEUKOCYTES OF FIVE PATIENTS WITH . 
LEPROMATOUS LEPROSY AND BACTEREMIA* 


Cells (per Cubic Millimeter) Containing AFBt 


The continuous 
bacteremia of lepromatous leprosy. N Engl J Med 287:159-164, 1972. 


Patient Bacterial Mean no. of 

Index Polymorphonuclear Mononuclear Total Infected 
Leukocytes Cells White Cells Cells per 

Milliliter 

No. Lit No. % No. y 

1 6.0 8 0.2 2, 3.0 17 0.3 17 x 10° 

y oe 6 0.3 4 3.0 10 0.2 10 x 108 

3 6.0 4 0.2 2 20 6 0.2 6 x 10° 

4 6.0 9 0.2 3 2.0 12 0.2 12 x 108 

5 6.0 S 0.1 12 3.0 17 0.3 17 x 10° 


* Extracellular AFB were also present in every specimen. 
+ Each value represents the mean of at least three separate specimens taken on different days. 


} Percentage of respective cell type containing AFB. 


Reproduced, with permission, from Drutz, DJ et al: The continuous 
bacteremia of lepromatous leprosy. N Engl J Med 287:159-164, 1972. 
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Fig. 3A Polymorphonuclear Jeukocyte containing more than 10 M. Leprae 


Fig. 3B Monocyte containing a large number of M, Leprae 


Fig. 7 Vascular invasion by M. Leprae-AFB are clearly visible within endothelial cells as well as free 
within the vessel lumens (fite-faraco stain) 


by taking into account the number of AFB 
The proportion of 
harboring 


found per white cell. 


peripheral blood leukocytes 


Fig. 4. a and b. Mononuclear phagocyte packed 
with M. leprae. 


Fig. 5. Mononuclear phagocyte (histiocyte) contain- 

ing athizh concentration of M. leprae (reproduced, 

with permission, from Drutz DJ, et al: The continu- 

ous bacteremia of lepromatous leprosy. N Engl 
J Med 287:159-164. 1972). 


PER CENT OF 


M. leprae in five patients with LL leprosy and 
bacteremia is shown in Table 2. Between 
0.1 and 0.3 per cent of PMN’s and two and 
three per cent of mononuclear phagocytes 
contained AFB. Thus, between six and 
17x10? phagocytes per milliliter of blood 
contained AFB in these heavily infected 
patients. Considering that some cells con- 
tained up to 10 or more bacilli, and that 
extracellular AFB were encountered regularly, 
at least 105 AFB per milliliter (or 5108 
AFB in a blood volume of 5 liters) were 
constantly present in the blood of these 
patients. The general accuracy of our 
quantitative procedures were subsequently 
confirmed in an independent study in which 
AFB were selectively concentrated from 
preparations of frozen and thawed white 
blood cells (37). 
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Fig. 6. Distribution of leprosy bacilli in the mono- 

cytes of three untreated patients with LL leprosy 

(reproduced, with permission, from Drutz DJ, et al: 

The continuous bacteremia of lepromatous leprosy. 
N Engl J Med 287:159-164, 1972). 


This is an extraordinary degree of bacte- 
remia, and all the more remarkable for the 
absence of the usual manifestations of 
septicemia (i.e., fever, chills, leukocytosis, 
disseminated intravascular coagulation, etc.). 
There are few infections in which bacteremia 
is so intense that micro-organisms can be seen 
in smears of peripheral blood. In patients 
infected with Staphylococcus aureus, Strepto- 
coccus pyogenes, Neisseria meningitidis, 
Clostridium perfringens, and _ Pasteurella 
(Yersinia) pestis, bacteremia of this magnitude 
has been encountered (34 ; 38-41). Quanti- 
tative studies have suggested that when more 
than 15 infected leukocytes per cubic milli- 
meter are present in smears of blood from the 
earlobe, patients do not survive (42). Clearly, 
this is not the case in leprosy. 
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Simultaneously, studies of arterial and 
venous blood were conducted with specimens 
taken from the arms of two patients with 
untreated LL leprosy; no consistent differen- 
ces were found in concentrations of bacilli 
from the two sites. Allowing for inherent 
inaccuracies of buffy-coat counting methods, 
these findings suggested that significant num- 
bers of AFB were not entering the blood from 
infected tissues of the arm. This observation 
is rather surprising and requires further 
documentation. 


Attempts to determine the solid ratio of 
bacilli circulating in the blood were frustrated 
by background staining from leukocyte ele- 
ments. Even when attempts were made to 
selectively remove leukocytes by hypotonic 
lysis, repeated freeze-thawing, or treatment 
with sodium deoxycholate, bacilli could 
seldom be purified sufficiently to allow truly 
critical determination of the solid ratio. In 
essence, however, although  solid-staining 
AFB were clearly present in the blood, they 
were outnumbered by AFB which stained 
irregularly. Since only solid-staining AFB 
are definitely viable (43), our findings sugges- 
ted that a majority of M. leprae circulating in 
the blood were dead. This observation may 
be unique to leprosy. However, other 
bacteremic diseases have not been investi- 
gated in a manner which would permit 
identification of circulating, but non-viable 
bacteria. It has been our impression that 
extracellular AFB in the blood are more 
likely to be solid-staining than bacilli within 
leukocytes. We have also noted that extra- 
cellular AFB are the first to disappear from 
the blood following the initiation of chemo- 
therapy (24). Further studies of these issues 
are clearly in order. 


Our studies relative to cutaneous vascular 
infection by M. leprae confirmed precisely the 
findings of Fite, which have been discussed 
previously (25). Patients with bacteremia 
usually had obvious bacillary invasion of 
arterioles, capillaries, and venules in the skin 
(Figure 7). Ordinarily, vascular invasion 
occurred in areas in which AFB were present 
in surrounding tissues. However, AFB were 
also seen occasionally within the endothelial 
cells of blood vessels apparently distant from 
areas Of heavy bacillary skin infiltration 
(Figure 8). This phenomenon has _ been 
commented upon by Fite (25) and others 
(2, 44, 45). It is possible that spread of 
leprosy may therefore take place by direct 
invasion of vascular endothelium from AFB 
circulating in the blood. 
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Fig. 8 Apparent isolated endothelial cell invasion by 
M. leprae. Note the paucity of bacilli in the sur- 
rounding tissue. 


In the patients with continuous bacteremia, 
there were free AFB identifiable within vascu- 
lar lumens on histologic sections of skin 
biopsy material. These could have represen- 
ted artefactual spread by the microtome 
knife from contiguous, heavily bacillated 
skin. However, they were encountered less 
frequently in treated patients in whom tissue 
concentrations of bacilli appeared equally 
high. (Disappearance of free intraluminal 
AFB from the capillary bed of the nasal 
mucosa has also been noted in patients who 
have received dapsone for one year (46). As 
a result, in untreated patients, the likelihood 
of bacteremia could often be predicted from 
the appearance of the skin biopsy. Endothe- 
lial cell invasion often remained prominent for 
some time after treatment had sharply cur- 
tailed the bacteremia, however. 


As shown in Table 1, AFB were found in 
15 of 18 biopsies of the liver and nine of 14 
biopsies of the bone marrow in patients with 
LL and BL leprosy. Although rare AFB 
were present in the glomerular endothelial 
cells of one untreated patient with LL leprosy, 
invasion of the renal parenchyma was not 
encountered in any of the 10 renal biopsy 
specimens. Sparing of kidneys by M. leprae 
is well known (47-49); the renal biopsy studies 
were actually obtained in conjunction with 
other studies which concerned immunologic 
complications of leprosy (50, 51). 


The appearance of biopsy specimens of the 
liver correlated particularly well with the 
presence of bacteremia (52). Whereas intra- 
hepatic parenchymal aggregates of bacillus- 
bearing macrophages (‘‘lepromata’’) were 
common in most patients with high concen- 


trations of AFB in the skin, only those who 
were actively bacteremic also had AFB 
demonstrable within both hepatic sinusoids 
and Kupffer cells (24). Fite had noted similar 
findings in autopsied patients (25). 


The presence of AFB within specimens of 
bone marrow appeared to relate to the pre- 
sence of active bacteremia (Table 1). How- 
ever, leprosy bacilli located within the 
marrow were nearly always _ grossly 
fragmented; intact micro-organisms were 
rarely seen. Others have made the same 
observation (53). . Although we did no com- 
parative studies of concentrations, solid ratios, 
or mouse footpad infectivity of AFB in skin, 
liver and bone marrow, such studies have 
been carried out by others (54-56). Reports 
of solid-staining, footpad-infective M. leprae 
in the liver and bone marrow of lepromatous 
patients (54, 55) are difficult to interpret since 
AFB could have been freshly deposited in 
these tissues by an ongoing bacteremia (55). 
Recent observations suggest that M. leprae 
may survive in the bone marrow long beyond 
the time that chemotherapy eliminates foot- 
pad-infective AFB from the skin (56). If 
these observations are corroborated by 
others, it will bring strong support to the 
possibility that M. leprae may persist and 
thrive in certain “‘warm”’ areas of the body. 


Having demonstrated conclusively the 
occurrence and the magnitude of leprosy 
bacteremia, it then became necessary to docu- 
ment the viability of M. leprae circulating in 
the blood if the argument for hematogenous 
spread of leprosy infection were to be resolved 
unequivocally. 


Two types of studies were undertaken. In 


the first, a novel approach to documenting 
viable M. leprae was utilized in which mono- 
layers of peripheral blood monocytes (and 
histiocytes) were prepared in tissue culture 
from the circulating leukocytes of bacteremic 
LL leprosy patients. Monocytes are glass- 
adherent and will mature to macrophages in 
tissue culture. Polymorphonuclear leuko- 
cytes are also glass adherent, but die and 
leave the glass in two to three days. Lympho- 
cytes are not glass adherent. In an LL 
patient, two to three per cent of circulating 
monocytes contain M. leprae. In tissue cul- 
ture, such monocytes continue to harbor 
their M. leprae during transformation into 
macrophages in vitro. Leprosy bacilli are 
still infective for the mouse footpad after 
three weeks of such intracellular residence 


in vitro, although they do not increase in 
number (57). In order to assess the viability 
of the intracellular M. leprae, tissue culture 
tubes were pulsed with tritiated thymidine of 
high specific activity (18Ci/mM). The 
rationale was that viable micro-organisms 
might be synthesizing DNA, even if not 
actively dividing. The occurrence of bacillary 
labeling was sought by autoradiography (58). 
These studies demonstrated labeling of small 
numbers of M. leprae, particularly those 
occurring in globi, and suggested that at least 
some of the M. leprae circulating in the blood 
were alive. The ability of M. leprae to in- 
corporate tritiated thymidine has since been 
corroborated by others (59). However, 
radiolabeling technology for M. leprae is still 
in its infancy (60), and many problems 
remain to be resolved (61). 


A more traditional technique for evaluating 
the viability of blood-borne M. leprae was 
carried out in collaboration with Dr. Louis 
Levy and Ms. Sheila M. O’Neill of the Public 
Health Service Hospital in ‘San Francisco 
(37). Ten adult patients with untreated LL 
leprosy were studied. We found 4.48 x 108 
to 5.12 «10° M. leprae per gram of skin, and 
9.8 x10? to 1.17x10° M. leprae per ml. of 
blood in these patients before they began 
treatment. Micro-organisms from both sites 
in all 10 patients were viable as judged by 
their ability to multiply in the mouse footpad 
in the manner characteristic for M. leprae. 
Skin-derived bacilli had a relatively uniform 
incubation period of six to seven months, and 
an average doubling time of 28.6 to 56.2 days 
in the footpad. In similar measurements of 
bacilli recovered from the blood, fluctuations 
were considerably greater (incubation period 
five to 12 months; average doubling time 
23.4 to 79.9 days), reflecting, at least partly, 
variations in size of the original inocula. 


Neither dapsone (50 mg/day) nor rifampin 
(600 mg/day) reduced the concentration of 
AFB in the skin during 16 weeks of study, 
but both drugs produced a gradual 2 log 
decline in the level of bacteremia. Within 
one week after the start of therapy with 
rifampin, micro-organisms in the skin were no 
longer infective for the footpad. Micor- 
organisms obtained from the blood of 
rifampin-treated patients were not checked for 
viability until one month after therapy was 
started. At that time they, too, failed to 
infect the footpad. In contrast, the skin and 
blood of dapsone-treated patients contained 
infective bacilli for four to 16 weeks. 
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Rifampin, despite its superior antibacterial 
activity, cleared the bloodstream of bacilli no 
‘more rapidly than did dapsone. It remains 
unclear whether bacteremia in the face of 
rifampin therapy reflects the release into the 
circulation of dead M. leprae, or whether the 
mouse footpad technique is_ insufficiently 
sensitive to detect a low proportion of viable 
M. leprae which continue to. actively invade 
_ the bloodstream. 


STUDIES FROM OTHER LABORA- 
TORIES 


In 1972, Manja and his coworkers reported 
an investigation of leprosy bacteremia which 
had been undertaken in order to evaluate the 
possible role of arthropods in the transmission 
of leprosy (62). A glass adherence method 
was utilized in which leukocytes in plasma 
from gravity-sedimented refrigerated blood 
were allowed to attach to glass slides. Thirty- 
eight of 38 (100%) untreated lepromatous 
patients were bacteremic, whereas bacteremia 
was less frequent in treated patients (14 of 31 
patients treated for six months ; four of 12 
treated for one year ; and 16 of 70 patients 
treated for more than one year). Only five 
of 20 patients with borderline leprosy were 
demonstrably bacteremic. Of 15 patients 
with tuberculoid leprosy, none was bacte- 
remic. Most AFB were seen in macro- 
phages ; some were in polymorphonuclear 
leukocytes (especially among untreated lepro- 
matous patients). In the words of the 
authors, ‘‘in most cases the bacilli were solidly 
stained and could be counted with ease, even 
when inside the macrophages.” These 
investigators calculated that 5x10° to 
5x 10° AFB were present per ml of blood in 
their patients. Of 77 samples of blood which 
were smear-positive for AFB, 15 were ino- 
culated into footpads of mice. At the time 
the paper was written, multiplication of AFB 
had occurred in seven cases. In a companion 
study (63), Narayanan and his coworkers 
demonstrated the presence of mouse footpad- 
infective M. leprae in bedbugs and mosquitos 
which had been allowed to feed upon un- 
treated lepromatous patients. The detection 
in budbugs of bacteria-laden leukocytes 
suggested to the authors that the insects took 
up the bacilli along with the blood, rather 
than from the skin. Whether it is necessary 
for bacteremia to be pressent in order for a 
biting Insect to ingest M. leprae froma patient 
with highly bacilliferous skin remains unclear, 
however. 
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More recently, Padma and Desikan have 
utilized the buffy-coat smear technique to 
investigate leprosy bacteremia (64). A double 
syringe technique was utilized to minimize 
cutaneous contamination of blood specimens 
obtained from the antecubital vein. Quanti-, 
tation of circulating M. /eprae was carried out 
by counting the number of microorganisms 
in a smear prepared from a 5 ul aliquot of 
leukocyte-rich plasma. Of 114 patients with 
lepromatous leprosy 77 (68%) showed bacilli 
in the blood. In 67 of the 77, bacilli were 
present predominantly in monocytes. In 
13 cases, bacilli were also found in PMN’s. 
These investigators found it difficult (as had 
we) to estimate the ratio of solid to fragmented 
organisms: ‘Solid (uniformly _ staining) 
bacilli which are believed to be the viable 
forms were found in varying proportions in 
19 cases, while in 48 cases the bacteria were 
all fragmented. The presence of the 
presumably viable (uniformly staining) bacilli 
in blood, supports the possibility that they 
could settle down in new sites, and produce 
fresh lesions.” In nine of 14 cases in which 
quantitation of the bacteremia was attempted, 
the number of bacilli was estimated to be less 
than 10,000 (i.e.,<10*) per milliliter of blood. 
No correlation was found between the density 
of bacilli in the skin and the number in the 
blood. The reason for this is not clear ; the 
data stand in clear contrast to our own (24). 


There have been numerous additional 
studies of leprosy bacteremia over the years 
(65-67); some are quite recent (68-70). None 
of these has provided additional insight into 
the problem of bloodstream invasion by 
M. leprae. 


REMAINING PROBLEMS 


Bacteremia and Reactional Leprosy 


It is of particular interest that many early 
investigators considered leprosy bacteremia 
to be associated with leprosy exacerbations 
or “reactions.” Although we have shown 
that ENL is associated with a reduction in 
bacteremia (as might be expected from the 
fact that ENL appears to be related to the 
death of M. leprae), there have been no similar 
studies of bacteremia in borderline (lepra) 
reactions (71). It seems at least possible that 
downgrading reactions might be associated 


with an increased incidence of leprosy 
bacteremia. This point deserves further 
investigation. 


The Infected Endothelial Cell 


Endothelial cell infection by M. leprae has 
been noted since the earliest histopathologic 
studies of this disease (22, 25). Endothelial 
cells are not considered to represent elements 
of the vasculature which engage in blood- 
stream clearance of particulate material. 
Indeed, the recent impetus for changing the 
term ‘‘reticuloendothelial system”’ to the more 
specific ‘mononuclear phagocyte system”’ has 
come, at least in part, from data suggesting 
that endothelial cells neither originate from 
peripheral blood monocytes nor are normally 
phagocytic (72). | 


It is well known that bacteria-laden phago- 
cytes may marginate along the walls of blood 
vessels. It remains to be proven by specific 
investigative techniques that M. leprae-laden 
“endothelial cells” are not, in fact, merely 
marginated monocytes or histiocytes. 
Should endothelial cells prove to be speci- 
fically receptive to the growth of M. leprae, 
further investigations of this cell type as a 
vehicle for tissue cultivation of M. leprae 
should be undertaken. We are currently 
engaged in such studies in my laboratory. 


The Continuous Nature of Leprosy Bacteremia 


The continuous presence of microorganisms 
in the blood is a distinctly uncommon event 
which generally reflects the occurrence of 
infection on a vascular surface. The prime 
clinical example of continuous bacteremia is 
bacterial endocarditis (73), where it is the 
valve surface which is infected. Superficially, 
the continuous nature of leprosy bacteremia is 
explainable on the basis of the widespread 
vascular infection which has been discussed. 
There are, however, alternate potential 
explanations. 


In at least two diseases caused by facult- 
ative intracellular bacteria, typhoid fever and 
brucellosis, persistent bacteremia may occur 
in the absence of an obvious focus of intra- 
vascular infection. In both diseases, and in 
leprosy, it is possible that persistence of 
bacteremia relates to the recirculation of 
bacteria which are contained within cellular 
elements of the blood, especially monocytes. 
Since monocytes constitute a portion of the 
mononuclear phagocyte system, it is possible 
that microorganisms sequestered in such cells 
may recirculate, without threat of ingestion by 
fixed phagocytic cells in the liver, spleen, and 
bone marrow. This possibility has been 


raised in studies pertaining to potential intra- 
cellular survival of S. aureus (74). 


Another possibility relates to the pheno- 
menon of “reticuloendothelial blockade.” 
The postulate in this case would be that the 
macrophages of the mononuclear phagocyte 
system are so saturated with M. leprae that 
no further phagocytosis is possible. The 
logical result would be a persistent bacteremia. 


It has been demonstrated repeatedly that 
splanchnic trapping mechanisms are not 
exhausted in the course of natural infections 
(75-77). However, in none of the diseases 
investigated were microorganisms presented 
to the mononuclear phagocyte system in the 
numbers and constancy, and for the duration 
that occurs in lepromatous leprosy. Studies 
employing radiolabeled, microaggregated 
human serum albumin have shown a normal 
or increased rate of bloodstream clearance in 
patients with lepromatous leprosy (78), but it 
is clear that bloodstream clearance is a very 
particle-specific phenomenon (79, 80). What 
is true for albumin may not be true for M. 
leprae. 


In an attempt to determine whether the 
mononuclear phagocyte system is “‘blockaded”’ 
in lepromatous leprosy, we have counted 
directly the numbers of AFB in blood from 
peripheral arteries and veins, the hepatic vein, 
and the superior and inferior vena cavae of 
a bacteremic patient with LL leprosy. The 
concentrations of M. leprae in blood from the 
hepatic vein were not appreciably lower than 
in other sites. These observations would 
tend to suggest that leprosy bacilli were not 
efficiently cleared across the hepatic bed (81). 
An alternate explanation would be that 
M. leprae proliferating in the Kupffer cells of 
the liver were released into hepatic vein blood 
at about the same rate that leprosy bacilli 
entering the portal circulation were cleared by 
fixed phagocytic cells of the hepatic sinusoids. 
It is impossible, on the basis of data currently 
available, to choose between these alternatives. 


The Survival and Replication of M. leprae in 
the Bone Marrow and Liver 


Recent observations by Karat suggest that 
M. leprae may survive in the bone marrow 
long beyond the time that they are killed in 
the skin (54). A possible explanation for 
these findings may be that the marrow is 
serving as an efficient filter for viable AFB 
whick continue to invade the bloodstream in 
numbers too low to detect by buffy coat or 
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other blood concentration methods. In this 
regard, it is well to remember the limitations 
of footpad technology. The sensitivity of the 
mouse footpad method is limited by the 
requirement of a bacillary inocululum of 
> 104 m. leprae under these circumstances, 
observable multiplication of leprosy bacilli 
will not occur in the footpad when the 
proportion of viable M. leprae (approximately 
1 in 10 AFB in the skin of a patient with 
untreated LL leprosy) has been decreased by 
treatment to < 1: 1000. Thus, if there are 
10° viable M. leprae in a skin biopsy specimen 
that contains 10® AFB, there will be no 
measurable multiplication in the footpad of 
the normal mouse. (Admittedly, thymecto- 
mized animals such as those used by Karat 
may be somewhat more sensitive to infection 
with inocula of low viability (82).) In patients 
with advanced LL leprosy, who harbor a total 
bacillary population of 1044 M. leprae, foot- 
pad inoculation studies would be negative 
when therapy had reduced the number of 
viable bacilli to below 107. Therefore, 
leprosy bacteremia may occur beyond the 
time that footpad infectivity of skin-derived 
M. leprae is lost. Our studies (noted 
previously) which have evaluated bacteremia 
in patients who received dapsone or rifampin 
for 12 to 16 weeks have suggested that this is 
the case. It appears, in fact, as if very low- 
level bacteremia may be demonstrable for 
years after dapsone treatment is begun (24, 62). 
It is the issue of whether such bacilli tend to 
accumulate in the bone marrow (or liver) 
which is a crucial one. 
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MYCOBACTERIUM LEPRAE IN THE MOUSE FOOT-PAD 


K. V. DESIKAN 


The evolution of the mouse foot-pad model, 
its working details and its application have 
been discussed in another section. In this 
section, certain biological features concerning 
M. leprae in the mouse foot-pad will be 
brought out. 


Pattern of multiplication 


Normally 5,000 to 10,000 leprosy bacilli 
are inoculated into each of the hind foot- 
pads of the mouse. The Swiss Albino mice 
or the CBA mice are generally used, but 
several of the known strains of the laboratory 
bred mice have been found to be useful for 
these experiments. The inoculated mice are 
kept in suitable cages and housed in an air- 
conditioned room. MHarvests are done six 
months after the inoculation, sacrificing mice 
at monthly intervals to monitor the progress 
of the infection. It has been found that the 
pattern of multiplication can be divided 
into 3 phases. The first phase called the 
“lag phase’ corresponds to the incubation 
period and there is virtually no multiplication 
of bacilli during this phase. The second or 
the “log phase”’ is a phase of rapid multiplica- 
tion of bacilli which reaches its peak by about 
210 days. The third phase is called the 
“plateau phase” and during this phase the 
bacillary number more or less remains cons- 
tant. During this phase there is simul- 
taneous multiplication and death of bacilli 
so that there are minor waves of rises and 
falls in the number of bacilli. Subsequently, 


there is a slow fall in the bacillary content of 
the foot-pad. 


Histological events 


As could be expected, the first cell type that 
appears at the site of inoculation is the 
polymorphonuclear leucocyte. During the 
second week. mononuclear cells composed 
of small numbers of macrophages and lym- 
phocytes are seen. Subsequently these dis- 
appear. The bacilli are found in the connec- 
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tive tissues in the fibroblasts and occasionally 
in some of the tissue histiocytes. Rees et al 
(1967) are of the opinion that the bacilli 
specially get colonized in the striated muscles 
and the multiplication of the bacilli is con- 
fined predominantly to these striated muscles. 
During the lag phase and early part of the log 
phase, inflammatory exudate is minimal. 
At the height of bacillary multiplication, 
there is a mild infiltration by mononuclear 
cells. During this phase the number of bacilli 
tend to fall, but secondary waves of growth 
follow (Shepard and McRae, 1965). 


Effect of room-temperature on bacterial multi- 
plication 


Shepard (1965) has worked out the require- 
ments of room temperature for the mouse 
experiments and has indicated that the opti- 
mum temperature for the growth of bacteria 
in the mouse foot-pad is between 15°C and 
and 25°C. His experiments have shown that 
a temperature below 4°C or above 35°C is 
deterimental to the growth of M. leprae in 
mice. However, it has been reported by 
Karat (1970) that thermo-regulation.is not 
necessary for bacterial multiplication in the 
mice and he has claimed satisfactory growth 
of bacteria in the mouse foot-pads when the. 
animals are lodged in a non-airconditioned 
room at the tropical temperature in South 
India. Job (1973) on the other hand has not 
been able to confirm the multiplication of 
M. leprae without proper thermo-regulation. 
Desikan (1975) working at Chingleput with 
and without airconditioning of the Animal 
House is also of the opinion that proper 
thermo-regulation and room _ temperature 
of 20° to 25°C is essential for the growth 
of M. leprae in the mouse foot-pads. He is 
of the opinion, based on his own findings, 
that without proper thermo-regulation, the 
bacterial growth is slow and inconsistent. 
There is a much longer incubation period 
of 8 months or more as against 5 to 6 months 
with thermo-regulation. 


Generation time 


With the advent of the mouse foot-pad 
model, it has been possible to calculate the 
generation time of M. leprae. Desikan (1975) 
has calculated the generation time under the 
laboratory conditions at Chingleput. The 
generation time is calculated on the basis of 
the multiplication factor as against the time 
taken for multiplication. The following for- 
mula is applied for the calculation of genera- 
tion time: 


: ; t 
Generation time (G) foe ae 
where ‘t’ is the time taken for multiplication, 
‘H’ is the number of bacilli harvested and ‘F’ 
is the number of bacilli inoculated. Cal- 
culated by the above formula, the average 
generation time was found to be 35 days, 
with a range of 24 to 47 days. This calcula- 
tion is based on the assumption that all in- 
oculated bacilli multiply. However, pre- 
suming that only solid bacilli are viable as is 
generally believed, the Generation time G(S) 
is calculated by the following formula (McRae 
and Shepard, 1971): 


G (S) : 


~ log, H/Fs 


where ‘Fs’ is the number of solid bacilli in the 
inoculum. Based on this formula the Genera- 
tion time G(S) was found to be 19.8 days 
with a range of 15 to 32 days. 


Fate of inoculated organisms in the mouse foot- 
pad 


It has been observed in the very early ex- 
periments of Shepard (1960) that there was 
no multiplication of bacteria during the first 
4 months after inoculation. It is of interest 
therefore to find out the events in the foot- 
pad during this period particularly in the first 
3 months. An investigation to this end was 
undertaken by Desikan (1975). In his experi- 
ments, 7,50,000 leprosy bacilli were inoculated 
into the mouse foot-pad and harvests were 
made on these animals after 1 day, 2 days, 
3 days, and 1, 2, 3, 4, 6, 8, 10 and 12 weeks 
after inoculation. The results of the harvests 
are shown in Fig. 1. It was found that 
24 hours after the inoculation only about half 
the number of bacteria could be recovered 
from the mouse foot-pad. The recovery fell 
to 20% at the end of 48 hours. There was a 
slower fall subsequently. At the end of 
8 weeks, there was an extremely small number 


of bacilli detected in the mouse foot-pad. 
The possibility of the bacteria leaking out of 
the foot-pad has also been excluded in parallel 
experiments. These observations  corres- 
pond to those of Levy et al (1974). It is not 
clearly understood as to what really happens 
to the inoculated bacteria. Levy et al (1974) 
attempted to locate the organisms lost from 
foot-pad, but no clue could be obtained. 
One should also consider the possibility that 
the inoculated bacilli might be going through 
various stages of their life cycle (Chatterjee 
1965) and the organisms might possibly be 
devoid of their acid-fast staining so that they 
are not recognised in the foot-pad material 
by the usual Ziehl-Neelsen stain. In order to 
find out this posstbility, the studies of Desikan 
were extended by which the foot-pad material 
obtained from inoculated mice found negative 
for bacteria after 7-8 weeks was passaged to 
fresh mice. These experiments did not show 
any bacterial multiplication and failed to 
demonstrate the occurrence of any viable non- 
acid-fast M. leprae in the mouse foot-pad. 


BACT. COUNT XxI0> 
B.S 


O 244872 1234 6 8 10 12 
HOURS WEEKS 


Fig 1. Rate of disappearance of M. Leprae inoculated 
into mouse foot-pad. 


Fragmented A.F.B. and their viability 


It is generally believed that the intact and 
evenly stained “solid forms” of M. leprae 
are viable whereas the unevenly stained 
“fragmented forms’? are dead. This was 
based on the observations of Rees and 
Valentine (1962) wherein a parallelism was 
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discovered between the unevenly stained bacilli 
under light microscope and the same bacilli 
under electron microscope. The electron 
microscope findings definitely indicate cyto- 
plasmic changes. This opinion of non- 
viability of fragmented bacilli has also been 
confirmed by Shepard (Mc Rae and Shepard 
1971). However, the experiments carried 
out by Desikan did not confirm that non- 
solid forms are nonviable (Desikan 1976). 
In a series of 20 experiments, mouse foot- 
pads were inoculated with harvested material 
from infected mice containing M. leprae 
in different grades of morphology ranging 
from the highly fragmented coccoid forms to 
the evenly staining solid bacilli, and including 
broken bacilli, beaded bacilli and unevenly 
stained forms in different proportions. In 


8 experiments solid bacilli formed 0%, while 
in 12 experiments, the solid bacilli ranged from 
1 to 10%. In both these groups there was 
multiplication in the mouse footpads. Quanti- 
tatively, the yield of bacilli was not significant- 
ly different in the two groups. An inoculum 
containing only coccoid and highly fragmented 
forms also showed significant multiplica- 
tion. These findings therefore positively 
indicate that all the irregularly stained and 
‘“‘non-solid”’ bacilli are not necessarily dead. 
It is true that treatment with specific drugs 
is followed by a fall in the M.I. and it is also 
possible that dying germs might show changes 
in their morphology; but one definite fact that 
the studies of Desikan point out is that an 
attempt to label a germ as alive or dead by its 
morphology is highly equivocal and subject 
to a serious error. 


REFERENCES 


1. Chatterjee, B.R., (1965) Growth habits of 
Mycobacterium leprae—Their implica- 
tions. Internat. J. Leprosy. 33:551-555. 


2. Desikan, K. V., (1975) Fate of M. 
leprae inoculated into foot-pads of 
mice. Lepr. in India 47:9-12. 


3. Desikan, K. V., (1975) The mouse foot- 
pad model in leprosy. Lepr. in India 
47 :94-99, ; 


ve Desikan, K. V., (1976) Correlation of 
morphology with viability of M. leprae. 
Lepr. in India 48:391-397. 


5. Job, ©. K. (1973) Culture study of 
M. leprae in mice in tropics with and 
without controlled environmental air 
temperature. Indian J. Med. Res. 
61:1485-1488. 


6. Karat, A. B. A., (1970) The growth of 
M. leprae in the foot-pads of Swiss 
white mice (Rockefeller strain) with- 


out constant thermoregulation. Lepr. 
Rev. 4] :93-99. 


7. Levy, L., et al (1974) Studies of the 
mouse foot-pad technique for cultiva- 
tion of M. leprae: Fate of inoculated 


organisms. Internat. J. L ; 
162-173. a 


216 


8. Me Rae, Do °H., and Shepard, Ct 
(1971) Relationship between the 
staining quality of M. leprae and 
infectivity» for mice. Inf. ase 


Immun. 3:116-120. 

9. Rees, R. J. W., and Valentine, R.. C., 
(1962). The appearance of dead 
leprosy bacilli by light and electron 
microscopy. Internat. J. Leprosy 
30:1-9. 


10. Rees, R. J. W., Waters, M. F. R., Weddel, 
A. G. M. and Palmer, E., (1967) 
Experimental lepromatous leprosy. 
Nature. Lond. 21/5:599-602. 


11. Shepard, C. C., (1960) Experimental 
disease that follows the injection of 
human leprosy bacilli into foot-pads 
of mice. J. Exp. Med. 112:445-454. 


12. Shepard, C. C., (1965) Temperature 
optimum of M. leprae in mice. J. 
Bact. 90:1271-1275. 


13... Shepard, C..€@.¥-and Mc. Rae, Deka 
(1965) M. leprae in mice; Minimal 
infectious dose, relationship between 
staining quality and infectivity and 
effect of cortisone J. Bact. 89:365-372. 


HUMORAL ANTIBODIES AND IMMUNE COMPLEXES 
IN LEPROSY' 


Sergio Estrada-Parra? and Oscar Rojas-Espinosa? 


ABSTRACT 


In the past, the search for specific anti- 
bodies in patients with leprosy was hampered 
due to the lack of well defined antigens and 
appropriate test systems. With the recently 
developed methodology these difficulties are 
now partially overcome, but a great deal of 
studies have to be done in order to understand 
the precise meaning of the kinds of antibodies 
frequently found in the sera of lepromatous 
patients. Anti-mycobacterial antibodies are 
present in most lepromatous patients and are 
scarce or absent in the tuberculoid cases. 
These antibodies do not seem to play an 
important role in the elimination of the M. 
leprae but they may be involved in the patho- 
genesis of the disease as they form immune 
complexes that promote injury in blood 
vessels, skin, kidney and other parts of the 
body. 


When a foreign substance or antigen pene- 
trates the body, this substance is recognized 
by the body’s immune system and an immune 
response is generated. The induced immune 
response has two varieties : the cell-mediated 
immune response and the humoral immune 
response. The humoral immune response 
depends on the formation of soluble factors 
called antibodies. The antibodies are glyco- 
protein molecules which have the property of 
reacting in a specific manner with the antigen 
that elicits them. There are 5 classes of anti- 
bodies : IgG, IgM, IgA, IgE and IgD, each 
with particular biological properties. The 
antibody molecules, in this paper ‘‘Y”’ shaped, 
have sites that react specifically with the anti- 
gen (antigen combining sites), and other por- 


tions on which their biological properties de- 
pend (Fig. 1). 


ANTIGEN BINDING SITE 1 ANTIGEN BINDING SITE 2 


\ LY 


pea 


DIVERSE BIOLOGICAL ACTIVITIES: 
COMPLEMENT FIXATION 
BINDING TO CELLS 
TRANSPLACENTAL TRANSFER 


Fig. 1. The basic structure of an antibody molecule 
consists of four polypeptidic chains held 
together by disulfide bonds. 


In many infectious diseases the antibodies 
play an important role in the elimination of 
micro-organisms or their toxic products. In 
diphtheria and tetanus, for instance, the germs 
produce potent toxins which can injure normal 
tissues. If specific antibodies are present, 
they combine with and neutralize the toxins, 
avoiding the tissue damage (Fig. 2). In cer- 
tain viral diseases antibodies also neutralize 


1. Personal experiments mentioned here were carried out with the aid of CONACYT, WHO and CDGCYT. 


2. Fellows of the COFAA del I.P.N. 


217 


virus particles, blocking their access to sus- 
ceptible cells and, in so doing, preventing the 
cellular lesion (Fig. 2). In some bacterial 
diseases antibodies, with the help of Comple- 
ment*, increase the destruction of the bacteria 
by enhancing the phagocytosis of leucocytes, 
or by lysis (Fig. 3). However, in some other 
bacterial diseases antibodies do not seem to 
be of any value in the elimination of the 
germs. This happens, for instance, in tuber- 
culosis, leprosy, and most mycotic diseases. 


BACTERIAL TOXINS 


ANTIBODY 


TOXIN NEUTRALIZATION 
AND PROTECTION 


INFECTION OF A 
SUSCEPTIBLE CELL 


VIRUSES NEUTRALIZATION 
AND CELL PROTECTION 


Fig. 2. Antibodies are able to neutralize toxins and 
virus particles and in this way they confer 
protection to the host’s tissues. 


On the other hand, it has been found that 
antibodies are also capable of eliciting tissue 
damage. There are four ways by which anti- 
bodies can injure the tissues. In the first type, 
there is the formation of antibodies with 
strong affinity for certain cells. This is the 
case of the classic allergy where the anti- 
bodies belonging to the class E (igE) attach 
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* A system of 9 components present in t 
other body fluids. Present in the plasma and 
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_ prototypes. 


themselves on the membrane of mast cells and 
basophils. Once the antibodies are on the 
cell membranes and contact the antigen, the 
antigen-antibody reaction is the signal for the 
release of substances which promote an in- 
crease in the vascular permeability, contract 
smooth muscles and lead to inflammatory 
reactions (Fig. 4). 


NO ANTIBODIES ANTI-BACTERIAL ANTIBODIES 


SS 


BACTERIA 


MODERATE PHAGOCYTOSIS 


INCREASED PHAGOCYTOSIS 


Fig. 3. When microorganisms are coated with speci- 
fic antibodies, they are more easily ingested 
and destroyed by phagocytic cells. 


In the second type, there is the formation of 
antibodies against the surface of cells or 
against substances (such as drugs) that attach 
themselves to cells. Under these conditions 
the cell which has bound the antibodies can be 
destroyed by the action of complement, by 
enhancing the phagocytic process, or can be 
killed by the so called ‘killer cells‘ (Fig. 4). 


The third type depends on the formation of 
antigen-antibody complexes and there are two 
In one of them, there are large 
amounts of circulating antibodies and when 
the antigen appears there is the formation of 
microprecipitates which fix complement and 
attract neutrophile leucocytes that release 
enzymes capable of destroying tissue compo- 
nents (Arthus type, Fig. 5). In the other case, 
there is a large amount of circulating antigen 
and when a specific antibody appears soluble 
immune complexes are formed. These com- 
plexes may deposit on the arteriolar endothelia 
and on the glomerular basement membranes 
in the kidney. As above mentioned, in some 
cases there is complement fixation, arrival of 
neutrophile leucocytes and tissue damage. 


There is another type of antibody-mediated 
hypersensitivity, the so called “stimulatory” in 
which antibodies directed against a cell do not 
destroy but stimulate it to produce substances 
in abnormally high amounts. This type has 
been described in a disease called thyrotoxi- 
cosis in which antibodies against the thyroid 
giand enhance the production of thyroid 
hormones (Fig. 6). 
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Fig. 4. (a) In the classic allergy (hypersensitivity — 


type I) the reaginic antibodies (IgE) attach 
themselves to mast cells and basophils and 
when they make cotact with the antigen, 
degranulation occurs. In the process vaso- 
active amines are released which lead to 
inflammatory changes. (b) In the hypersen- 
sitivity type II, the antibody attached to the 
cells surfaces makes them easily phagocytable 
or destroyed by complement or by certain 
killer cells. 


Humoral mmune response in leprosy. 


The humoral immune response in leprosy 
has been extensively studied in many labora- 
tories all over the world. As many excellent 
reviews on this subject have been published 
and are easily available, we would like just to 
point out the highlights on the area and then 
we would summarize our own work on it. 


It is generally accepted that the ability of 
patients suffering from any form of leprosy to 
respond with circulating antibodies to differ- 


ent antigenic stimuli is not depressed but nor- 
mal, and in certain cases it is increased. 
This finding is of particular importance in the 
case of lepromatous leprosy where many 
aberrations in cell mediated immunity have 
been described. These aberrations are more 
apparent in cases of long lasting leprosy. 


As lepromatous leprosy is the malignant 
form of the disease, attention will be focused 
on this type of leprosy : leprosy patients res- 
pond normally to the injection of mycobacte- 
rial antigens, typhoid-paratyphoid vaccine, 
smallpox vaccine, and other stimuli. Many 
lepromatous patients show a high incidence of 
auto-antibodies (rheumatoid factor, anti- 
nuclear antibody, antithyroglobulin antibody, 
anti-sperm antibody, and others). Most of 
the patients develop hypergamma- 
globulinemia, part of which seems to be non- 
specific and part of which might account for 
the auto-antibodies mentioned above. 
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Fig. 5. In the hypersensitivity type III, the antibody 
combines with its antigen and activates the 
complement system. In the process, chemo- 
tactic factors are released which attract poly- 
morphonuclear leucocytes (PMN) to the site 
of reaction. Tissue damage is accomplished, 
among many other things. by hydrolytic enzy- 
mes derived from the PMN, by the activated 
complement system, and by anatomical 
changes in the site adjacent to the antigen- 
antibody reaction. 


PA) 


The ability of lepromatous patients to res- 
pond normally with antibodies to several 
thymus-dependent antigens suggest that if 
they present a depression in their cell mediated 
immunity, this depression has to be very 
specific affecting only the lymphocyte sub- 
population committed with the recognition of 
M. leprae (lepromatous patients are unable to 
develop a skin reaction against lepromin but 
they do so with other antigens). Many ques- 
tions remain to be answered regarding the 
relationships between cell-mediated immunity 
and humoral immunity in patients with lepro- 
matous leprosy. One apparent paradox is the 
general consent that there exists in these 
patients a lack of M. Jleprae-reactive T- 
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Fig. 6. An example of stimulatory hepersensitivity is 
found ina disease called thyrotoxicosis. Here, 
an autoantibody (long acting thyroid stimula- 
tor or LATS) combines with an antigen pre- 
sent on the membrane of the thyroid cell in a 
site close to the thyroid stimulant hormone 
receptor (TSH) or with the receptor itself and 


as a result, it stimulates the over roduction 
of thyroglobulin. , 
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lymphocytes and the fact that they contain 
anti-M. leprae antibodies in their blood whose 
titer is in direct relation to the bacterial load 
(M. leprae is a thymus dependent antigen). 


In relation to the levels of complement in 
leprosy, and talking in a general way, it has 
been found that in most of the patients the 
total hemolytic activity of complement is not 
decreased. A transient decrease in the level 
of hemolytic complement has been communi- 
cated in patients undergoing severe forms of 
leprosy reaction. This has been explained on 
the basis of complement consumption trig- 
gered by excess of antigen-antibody complexes 
(see below). On the other hand, when indi- 
vidual complement components have been 
quantitated, normal or variably elevated levels 
have been found in most of the cases. The 
elevated levels in one or two of the studied 
components have been assumed to be the 
response of the organism secondary to the 
complement consumption as an effort to 
compensate for the loss. 


Circulating antimycobacterial antibodies and 
immune complexes in leprosy. 


The study of humoral antibodies to M. 
leprae in patients with leprosy was hampered 
by the lack of specific antigen preparations to 
detect them. It is well known that Myco- 
bacterium leprae can not be cultured in test 
tubes like Mycobacterium tuberculosis and 
other related microorganisms. The search 
for antibodies, and antigens from the leprosy 
bacillus, was opened when Bojalil and his 
co-workers isolated an antigenic substance 
from Nocardia, a microorganism related to 
M. leprae, which cross-reacted with some sera 
from patients with leprosy. When this mate- 
rial was further purified, it was found to be a 
polymer of sugars (polysaccharide I) made of 
D-galactose and D-arabinose. Later on, we 
isolated from human lepromatous tissue a 
similar substance which by immunological 
criteria showed to be identical to the one iso- 
lated from Nocardia (Fig. 7). The next step 
was the purification of M. leprae from the 
lepromatous tissue. When the purified bacil- 
lus was broken down by ultrasonic treatment 
it released, among many other things, a poly- 
saccharide which was again immunologically 
identical to the ones mentioned above. 
Therefore, we isolated the first well defined 
antigen from M. leprae. 


At the same time we started to work with 
the germ that causes leprosy in mice and rats, 
the M. lepraemurium. Soon we found that 


both microorganisms, M. leprae and M. 
lepraemurium, had common antigens and that 
extracts from purified M. lepraemurium could 
be used to look for antibodies in patients with 
leprosy (Fig. 8). The antigenic extract pre- 
pared from M. lepraemurium proved better 
than the one isolated from Nocardia, because 
it gave us more positive reactions in the 
immunological tests. 


Fig. 7. 1. Polysaccharide preparation isolated from 
lepromata. 2. Serum from a patient with active 
tuberculosis. 3. Polysaccharide I, isolated 
from Nocardia brasiliensis (Poly INb). 
4. Serum from a patient with lepromatous 
leprosy (one extra band is observed). 5. As 
in No. 2. 6. Serum from a patient with lepro- 
matous leprosy (two extra bands are noted). 


Recently we have adapted the counter- 
immunoelectrophoresis technique to detect 
antibodies against M. leprae by using extracts 
from B.C.G. (the microorganism used in 
vaccination against tuberculosis) or M. leprae- 
murium. With this new method we have 
found that most lepromatous patients have 
circulating anti-mycobacterial antibodies and 
that in the tuberculoid patients these anti- 
bodies are quite less frequent or even absent 
(Fig. 9). The finding of specific antibodies 
has also been achieved by other researchers 
and in general we all agree that the anti- 
mycobacterial antibodies, like in other myco- 
bacterial diseases, play a little or no role in the 
elimination of the leprosy bacillus (probably 
because of the predominantly intracellular 
localization of the parasite). On the other 
hand, we favoured the possibility that anti- 
mycobacterial antibodies might contribute to 
the host’s tissue damage as they do not seem to 
protect him. Bearing in mind that lepro- 
matous patients lack specific cell mediated 
immunity to M. leprae antigens, which in fact 


is one of the ways by which M. leprae is eli- 
minated, and that these patients have circu- 
lating antibodies and/or antigens, we postu- 
lated that immune complexes could be present 
in the sera of the patients. Our first attempt 
to demonstrate that was successful using the 
whole bacillus and fluorescent antibodies 
against the common polysaccharide. Under 
these conditions we showed that the leprosy 
bacillus, in the blood, had antibodies attached 
to it. However, at that time, the immune 
complexes made of soluble products from 
M. leprae and antibodies, that could be of 
great relevance in the pathology of leprosy, 
were not identified due to the lack of an 
appropriate method. 


Fig. 8. 1. Polysaccharide I from WN. brasiliensis. 2. 
Purified polysaccharides from M. lepraemu- 
rium. 3. Purified polysaccharide from M. 
leprae. 4. Polysaccharide I from N. brasi- 
liensis. 5. Purified polysaccharides from M. 


lepraemurium. 6. Purified polysaccharides 
from M. tuberculosis. Center well: serum 
from a patient with lepromatous leprosy. 


In 1970 Kunkel and his co-workers reported 
that soluble immune complexes could be 
detected by the use of the Clq subcomponent 
of complement. We took advantage of this 
discovery and found the presence of immune 
complexes in the sera of leprosy patients. 
These immune complexes were present in 
higher proportion in patients with lepro- 
matous leprosy and were almost absent in 
tuberculoid patients. Furthermore, it was 
found that in patients with erythema nodosum 
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leprosum or E.N.L. (a complication of 
patients with lepromatous leprosy), the inci- 
dence of immune complexes was even higher 
than in lepromatous patients without E.N.L. 
The immune complexes were also very fre- 
quently found in patients with Lucio’s reac- 
tion (a complication of lepromatous leprosy 
with necrosis) (Fig. 10). 


Once the presence of immune complexes 
was established by the Clq method, we used 
still another method to corroborate their pre- 
sence. The method was described many years 


Fig. 9. The counterimmunoelectrophoresis (CIE) 
technique is a simple, rapid and reliable tool 
for the demonstration of antimycobacterial 
antibodies in the serum of patients with 
lepromatous leprosy. In the picture, the 
wells in the left vertical row of each pair 
held the leprosy sera, while the holes in the 
right vertical rows contained an aquous ex- 
tract prepared from purified M. lepraemurium 
as the antigen. 


ago by a Brazilian doctor, Otto Bier, and it 
consists in the injection of sera containing 
immune complexes into the skin of a guinea 
pig followed by a dye. With this method we 
found that immune complexes were present in 
the serum of patients with lepromatous 
leprosy and in higher proportion in the serum 
of patients with E.N.L. and Lucio’s reaction. 
Since the presence of immune complexes was 
unequivocally demonstrated, an experiment 
was designed to elucidate their composition 
(Fig. 11). The sera from patients with 
Immune complexes were pooled and preci- 
pitated with a salt solution (ammonium sul- 
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fate), then the precipitate was washed, dis- 
solved in saline, and treated with a glycine 
buffer at low pH (this procedure brings apart 
the components of the immune complexes). 
The antibodies’ moiety was then precipitated 
with 50% ammonium sulfate and the super- 
natant, containing the antigens, was decanted. 
The sediment containing the antibodies was 
dissolved in saline and both solutions of anti- 
gens and antibodies were extensively dialyzed. 
The separated antibodies reacted with an ex- 
tract of M. lepraemurium and, the antigens 
with sera from lepromatous patients. 


1. HEAT-AGGREGATED GAMMA- 

GLOBULIN 
2,85, LEPROSY SERA WITH 

SOLUBLE IMMUNE COMPLEXES 

3. NORMAL HUMAN SERUM 

4. SERUM FROM A PATIENT WITH 
S.L.E. HAVING IMMUNE COMPLEXES 

6. PHYSIOLOGICAL SALINE SOLUTION 
CENTER WELL: PURIFIED Ci1q 


Fig. 10. When soluble immune complexes are pre- 
sent in leprosy sera at an adequate concen- 
tration, they can be demonstrated by their 
reaction with the Clq subcomponent of 
complement. This subcomponent Clq also 
reacts with heat-aggregated gammaglobulin 
forming a band of precipitation. 


When the antigens’ solution was reduced to 
a small volume and then hydrolyzed with 
acid, the presence of arabinose as a compo- 
nent of M. leprae was demonstrated by paper 
chromatography. Therefore, at least some of 
the immune complexes in leprosy sera are 
made of antibodies against M. leprae and 
soluble antigens from the microorganism. 
These immune complexes, may play a role in 
the injury (type III) frequently found in lepro- 
matous patients. 

It is well known that the lepromatous type 
of leprosy is the malignant form of the 
disease. At the present time we are sure that 


patients with this type of leprosy have circu! 
lating antibodies and that they do not protect 
them. Morever these patients have a large 
load of M. leprae part of which release soluble 
components as a result of degenerative and 
destructive processes. The released anti- 
genic components react with specific anti- 
bodies forming complexes which circulate in a 
soluble form. : 


IMMUNE COMPLEXES DISSOCIATION 


IMMUNE COMPLEXES IN 
LEPROSY SERUM 


IMMUNE COMPLEXES 
PRECIPITATION 
(50% AMMONIUM SULFATE ) 


IMMUNE COMPLEXES 
DISSOCIATION AT ACIDIC PH 


SEPARATION OF 
ANTIBODIES & ANTIGENS 


ACiO @® 


HYOROLYSIS 
.ARABINOSE 
(FROM M, LEPRAE) 


REACTIVE WITH REACTIVE WITH 
AN EXTRACT FROM LEPROMATOUS 
M.LEPRAEMURIUM SERA 


O ANTIGEN (S) 
Y ANTIBODY (IES) 


Fig. 11. Part of the soluble immune complexes pre- 
sent in the sera of patients with lepromatous 
leprosy are made of mycobacterial antigens 
(M. leprae) and anti-mycotacterial antibo- 
dies. They can be dossociated and studied 
as shown in the diagram. 


Lepromatous leprosy is a very interesting 
disease in which the lack of a specific cell 
mediated immunity associated with a high 
level of circulating anti-mycobacterial (and 
other) antibodies, leads to the formation of 
soluble immune complexes which in turn may 
be important mediators of tissue damage. 
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IMMUNOLOGICAL BASIS OF REACTIONS IN LEPROSY 


M. F. R. WATERS 


Although it was held for many years that 
leprosy reactions must have an immunological 
basis, it is only in the last decade that evidence 
has been produced in the two major groups of 
reactions to confirm this hypothesis. 


1. Erythema Nodosum Leprosum (Leproma- 
tous Lepra Reaction) 


Erythema Nodosum Leprosum (ENL) 
occurs in patients at or near the lepromatous 
end of the leprosy spectrum, where cell- 
mediated immunity (CMI) against Myco- 
bacterium leprae is very low or absent. Such 
patients harbour large numbers of leprosy 
bacilli, which are present in those tissues in 
which ENL lesions develop, in particular 
skin, nerve, the anterior part of the eye, 
testis and lymph node. In the small number 
of borderline-lepromatous (BL) patients who 
suffer from ENL, the skin papules always 
appear at sites containing Myco. leprae, and 
especially in succulent plaques, the BL lesions 
with the highest bacterial load. There- 
fore, in most systems of the body, ENL lesions 
are associated with the presence of leprosy 
bacilli. 


Furthermore, the ENL lesions are associated 
with dead leprosy bacilli. The reaction is 
far more common in treated than in untreated 
patients, the first attack frequently, occurring 
between six and 12 months, after commencing 
treatment with dapsone, or between two and 
six months after commencing rifampicin; 
that is, at the very time when the great 
majority of the leprosy bacilli have been 
killed, and when the patient has his heaviest 
load of dead Myco. leprae. Even in untreated 
leprosy, as Fernandez showed in 1936, well 
before the introduction of sulphone therapy, 
ENL lesions contain fragmented (dead) 
leprosy bacilli. 


Patients with lepromatous leprosy also 
have high titres of circulating antimycobac- 
terial antibodies. High levels of IgG im- 
~smunoglobulin are consistently found in the 
X 


.o- 


sera of untreated lepromatous patients; high 
levels of IgA and IgM have also been des- 
cribed, but appear more variable. 


Histologically, on a background of treated 
or quiescent lepromatous leprosy, there is an 
intense perivascular polymorpho-nuclear 
leucocytic infiltration, and significant, often 
severe, vasculitis may be detected. These 


findings are reminiscent of that seen in the 


Arthus reaction in experimental animals. 
The Arthus reaction is an allergic reaction 
which occurs when there is a very high con- 
centration of conventional antibody such as 
IgG in the circulation, and a high concentra- 
tion of soluble antigen lying extravascularly 
in the tissue spaces. The reaction may be 
obtained by injecting an experimental animal 
(such as a rabbit or guineapig) with an antigen 
to which it has previously been sensitised. 
The reaction occurs primarily in the wall of 
small blood vessels as a result of antibody 
from the circulation meeting antigen diffusing 
inwards from the extravascular space; antigen- 
antibody complexes can be demonstrated in 


the vessel wall. These immune complexes 


fix and activate complement—the complicated 
enzyme system present in fresh serum which 
is involved, for example, in the lysis of 
red blood corpuscles by antibody—which 
in turn attracts the polymorphonuclear 
leucocytes. Eventually the vessel wall be- 
comes damaged. Arthus sensitivity has been 
detected in man in a number of not very 
common pulmonary diseases, for example 
pulmonary aspergillosis and  ‘‘Farmer’s 
lung’. When the appropriate fungal antigen 
is given intradermally, the patient develops a 
red oedematous lesion at the injection site, 
which reaches its peak in four to 12 hours, 
and where immune complexes and comple- 
ment may be detected in the dermal blood 
vessels. 


When Turk and his colleagues studied biop- 
sies of ENL lesions in 38 lepromatous patients, 
immunoglobulin (IgG) and complement (the 
component @IC/3IA was the one studied) 


PS be 


were detected in areas of polymorph infiltra- 
tion in 20 patients. No such deposits were 
found in lepromatous skin lesions from 13 
patients who did not have ENL. The depo- 
sits seen were granular in form, and did not 
correspond to the areas of bacterial infiltra- 
tion. Deposits were sometimes demonstrated 
within the walls of blood vessels in the deep 
dermis. Although techniques were not (and 
are still not yet) available for studying specific 
Myco. leprae antigen in tissues, Turk’s group 
were able to obtain evidence that non-specific 
mycobacterial antigen was present in the 
deposit containing immunoglobulin and com- 
plement in seven of the ENL lesions. How- 
ever, groups or globi of Myco. leprae failed to 
stain with the appropriate reagent. There- 
fore they suggested that the antigen moiety 
of the immune complex might be a soluble, 
cytoplasmic (not surface) mycobacterial 
antigen released from dead leprosy bacilli. 


Over the last six to eight years, since this 
work was published immunological methods 
for studying immune complexes have been 
considerably developed and refined. There 
is urgent need for these newer methods to be 
applied to ENL to confirm and extend Turk’s 
studies. Nevertheless, the latter provide 
good evidence that ENL skin lesions are com- 
parable to the Arthus phenomenon; that is, 
that they are due to the local formation of 
immune complexes. A similar mechanism 
is assumed to be responsible for the develop- 
ment of ENL lesions in those other tissues 
which also contain numerous Myco. leprae, 
that is for ENL neuritis, lymphadenitis, orchi- 
tis and iridocyclitis. Even in ENL arthritis, 
fragmented (dead) leprosy bacilli and degen- 
erating polymorphs have been found in the 
synovial exudate. But in addition, systemic 
upset with fever commonly occurs in episodes 
of ENL, significant proteinuria may be 
detected, and both Drutz and Guttman, and 
Bullock and his colleagues have produced 
evidence of immune complex deposition in 
the kidney. These observations suggest that, 
as well as Arthus-like reactions locally, 
patients with ENL may develop illness due 
to circulating immune complexes. To date, 
this aspect has been little studied, and much 
further work is indicated. However, it has 
long been known that cryoglobulins may occur 
in lepromatous sera. More recently, using 
the relatively non-specific Clq technique, 
groups in Mexico, California and London 
all found evidence for the presence of immune 
complexes in the serum of patients suffering 
from lepromatous leprosy; furthermore, the 
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two latter groups reported that immune com- 
plexes were more frequently found in sera 
from patients suffering from ENL than in sera 
from lepromatous patients not in reaction. 


To date, no animal model of ENL has been 
discovered. 


2. Reversal (Upgrading) Reactions 


These reactions occur in_ borderline- 
tuberculoid (BT), borderline (BB), borderline- 
lepromatous (BL) and very occasionally in 
subpolar lepromatous (LLs) leprosy, most 
developing within the first year of therapy. 
The skin lesions become red and swollen, 
some patients become mildly febrile and there 
is frequently severe peripheral nerve involve- 
ment. The lesions usually remain in reaction 
for several months. 


It has been shown that the position of the 
individual patient on the leprosy spectrum is 
related to his ability to develop specific cell- 
mediated immunity (CMI) against the leprosy 
bacillus. During a reversal reaction many 
patients change in classification, moving 
across the clinical spectrum towards tuber- 
culoid. Histologically, in addition to oedema 
and some hyperaemia, the skin granuloma 
corresponds to the type of leprosy the patient 
has or is developing. Associated with the 
switch towards tuberculoid, there is usually 
an early influx of lymphocytes. The cytology 
of the host cells (cells which may contain 
Myco. leprae) becomes less histiocytic and 
more epithelioid. The number of bacilli 
in the granuloma progressively diminishes. 
These changes suggest that the patient is 
regaining CMI as the bacterial load is being 
reduced by therapy. 


This concept is supported in many different 
ways. In those patients who move across the 
spectrum as far as BB/BT or to BT, the 
lepromin test becomes positive or more 
strongly positive. Changes monitored histo- 
logically in lymph node biopsies are also 
compatible with increased CMI. In lepro- 
matous leprosy, the paracortical areas of 
lymph nodes are replaced by macrophages full 
of bacilli and are depleted of lymphocytes, 
presumably T-cells, while B-cell areas often 
show increased activity; in reversal reactions 
lymphocytes can be seen to begin to appear 
in the paracortical areas around the 
postcapillary venules, suggesting a return of 
T-cell activity. 


Godal and his colleagues have studied the 
specific lymphocyte transformation test (LTT) 


response during reversal reactions. In this 
test, lymphocytes from the peripheral blood 
of the patient are stimulated by whole Myco. 
leprae; in LL and BL leprosy no, or virtually 
no, lymphocytes are transformed, whereas 
good transformation is obtained in BT and 
very good in TT leprosy (averaging around 
6% of lymphocytes in the former and 22% 
in the latter). During reversal reactions the 
LTT response increases, and this has been 
interpreted as proof of increase in CMI. 
However, it is probable that the specific LTT 
does not correlate directly with cellular immu- 
nity (i.e. with the ability of the host to eli- 
minate Myco. leprae), but rather with the 
strength of the delayed hypersensitivity 
(allergic) reaction shown by the patient. Thus 
LTT tests may frequently be stronger in 
actively inflamed BT (in reversal reaction) 
than in TT, although the response decreases 
usually to around average BT levels when the 
reaction settles. Moreover, the response in 
the LTT may vary depending on the nature 
of the antigenic preparation used to stimulate 
the lymphocytes. Thus in BB and BT patients 
in reversal reaction, those whose reaction 
principally involves nerve (that is, those 
suffering from active neuritis and nerve 
damage) may show a stronger LTT response 
to sonicated Myco. leprae used as antigen 
than to whole bacilli, whereas the opposite 
is found in those patients whose reversal 
reaction principally involves skin lesions. 


Reversal reactions have been obtained 
experimentally in two different ways. Both 
Bullock and Jacobson and their colleagues 
found that a small proportion of lepro- 
matous patients administered transfer factor 
obtained from the lymphocytes of donors with 
strong positive lepromin tests subsequently 
developed mild, short-lived reversal reactions. 
Rees and Weddell have reported an excellent 
animal model. They infected thymectomized 
irradiated inbred (CBA-strain) mice with 
Myco. leprae. Once the mice had developed 
lepromatous leprosy, they were given synge- 
neic lymphoid tissue replacement. The mice 
susbsequently developed reversal reactions, 
involving especially their ears and foot pads; 
histologically there was evidence of increased 
lymphocytic infiltration of the infected tissues 
with degeneration of bacilli both in skin and 
in Schwann cells of the peripheral nerves, 
and the mice moved across the leprosy spec- 
trum from LL to BT. 


In conclusion, there is abundant clinical 
and experimental evidence that reversal re- 


actions are associated with increased CMI, 
attempted or achieved. However, the 
individual clinical signs may more closely 
correlate with increase in delayed hypersensiti- 
vity rather than in immunity. 


3. Downgrading Reactions 


These reactions, which are usually mild, 
occur in untreated BT, BB and BL patients. 
They are associated with loss of CMI and a 
switch across the leprosy spectrum towards 
lepromatous. 


Almost no studies have been carried out on 
downgrading reactions; indeed, it is usually 
unethical to perform serial studies as these 
patients should be started as soon as possible 
on effective antileprosy treatment. 


Furthermore, it appears difficult to postulate 
an immunological mechanism as the cause 
of inflammation as the patients are known 
to be losing immunity. Therefore Bhojwani 
(personal communication) believes that the 
majority of downgrading reactions are related 
to the rapid spread and multiplication of 
Myco. leprae—in other words, the bacteria 
are in the log phase of multiplication at the 
time of loss of CMI, and themselves cause the 
inflammation in the newly-appearing and/or 
enlarging skin lesions. This could well 
explain the mild inflammation seen in the 
majority of downgrading reactions in BB 
and BL leprosy, although it begs the question 
why such patients are losing CMI. Perhaps 


‘' some intercurrent infection or stress has 


caused non-specific depression of CMI, allow- 
ing sufficient multiplication of Myco. leprae 
so that the increased bacterial load in turn 
produces immunological tolerance. Further 
studies are indicated. 


Nevertheless, as reported in the chapter 
“Reactions in Leprosy’, Pearson and Waters 
have observed at least one BB/BL patient 
who developed markedly inflamed skin lesions. 
He was changed from oral to parenteral 
thiambutosine (to investigate prima facie 
thaimbutosine resistance); over the course of 
four months his reaction settled, but he subse- 
quently developed new lesions which clinically 
and histologically were graded LLs. When 
his treatment was changed from thiambutosine 
to dapsone, he soon developed a “reversal 
reaction” which clinically closely resembled 
his previous downgrading reaction. It is 
possible that the latter represented a phase 
of increased lymphocyte activity prior to 
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the development of “immunological exhaus- 
tion’. 


Samuel and her colleagues in Ethiopia 
studied previously untreated BT patients who 
presented in reaction. They found that the 
LTT was increased (as in reversal reactions) 
and therefore postulated that there was no 
such thing as a downgrading reaction. How- 
ever, this too avoids the issue, as the great 
majority of such early BT patients, although 
untreated, are not in process of losing CMI. 
Indeed a number of workers ‘believe that in 
TT and the majority of BT patients, the 
first appearance of clinical lesions is not due 
to loss of CMI and the spread of Myco. 
leprae, but rather to the delayed immuno- 
logical recognition of small numbers of leprosy 
bacilli, whose local spread and multiplication 
occurred before the onset of clinical disease. 
Although the arguments in its favour have 
still to be formally listed, this concept of the 
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nature of polar and near polar tuberculoid 
leprosy explains many of the anomalies found 
in chemoprophylaxis and BCG studies. 


4. The Lucio Phenomenon 


This reaction has only been observed in the 
Americas, most of the patients originating 
from Mexico. It occurs exclusively in pure 
diffuse, almost certainly polar, lepromatous 
(LLp) leprosy, the majority of patients being 
untreated. Clinically it is characterized by 
crops of painful skin lesions, which resemble 
irregular, stellate infarctions. Histologically, 
there is severe vasculitis of the dermal vessels. 
Quismorio and his colleagues have recently 
reported the presence of IgG and IgM im- 
munoglobulins and the C3 component of 
complement in the walls of involved blood 
vessels. Therefore the Lucio phenomenon 
may, like ENL, be due to the local formation 
of immune complexes, but much further work 
remains to be done. 


CELLULAR IMMUNOLOGICAL METHODS IN LEPROSY. 
THEIR USE IN PROGNOSIS. 


JACINTO CONVIT AND MAURICIO GOIHMAN-YAHR, 


Leprosy is a disease where the human host 
and the causative organism develop a pro- 
longed and intimate relationship. The natu- 
ral unhampered evolution of the disease is 
protracted, and while the end result may be 
disastrous, there exists in many cases a heal- 
ing tendency which may even conduce to 
actual clinical cure. Available drugs act 
slowly, and in all cases the host’s defense 
mechanisms are of paramount importance. 
Antibodies that react with Mycobacterium 
leprae are present in the serum of patients 
with the disease ; but because they exist even 
in forms of leprosy that are rich in bacilli and 
have poor prognosis, their protective role is 
doubtful. On the other hand, there is evi- 
dence that mechanisms of cellular immunity 
are more directly involved in defense against 
M. leprae. Their existence and integrity 
determine prognosis. 


The immune system and the nature of the 
immune response have been explained in other 
chapters. 
the immune system is concerned with the 
specific response against antigens. It is 
formed, as shown in Figure 1 by the ‘“‘T” and 
“‘B” systems. Cellular immunity is under the 
aegis of the “T” system, which as illustrated 
in figure 2, is formed by lymphoid cells (“T” 
cells) which in some stage of their development 
home and mature in the thymus (hence the 
“T’’), Macrophages are thought to be under 
the influence of T lymphoid cells. 


The functions of T cells may be explored by 
means of in-vivo or in-vitro tests. Among the 
former, intradermal tests and patch tests are 
the most commonly used. Among the latter, 
mitogenesis and macrophage migration inhibi- 
tion are in widest usage. As depicted in 
figure 3, mitogenesis may be measured by the 


We will just briefly mention that 


amount of tritiated thymidine incorporated 
into the newly formed DNA of lymphoid cells 
in the presence of specific antigen. Antigens 
will also stimulate sensitized “T’’ cells to 
produce lymphokines. One of these, macro- 
phage inhibition factor (MIF), will inhibit 
migration of macrophages. This forms the 
basis of the macrophage migration inhibition 
test as shown in figure 4. 
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Figure 1. The Immune System. T and B divisions 
are shown here to be independent. In 
reality there is a’ great deal of interrela- 
tionship and cross control. 
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Figure 2. The T system. Note origin of T cells from 


Figure 3. 
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the bone marrow and their final location 
in the lymph nodes or in circulating blood. 


DNA synthesis in the presence and absence 
of a specific antigen may be estimated by 
the amount of incorporation of tritiated 
thymidine into the nucleus of cultured ly- 
mphocytes. A scintillation counter is 
employed. 
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Figure 4. 
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Macrophages inside a capillary tube will 
migrate out of it. Area of migration 
Riordan ane MIF will hamper this 

n and the area will b - 
dingly smaller. aia te 


MACROPHAGE 


Correlations between immunologic and clinico- 
pathologic status of patients with leprosy : 


All current classifications admit that in 
leprosy there are “polar” types (lepromatous 
and tuberculoid) and intermediate groups as 
well as a beginning or ‘indeterminate’ form. 
(See figure 5). It is known also that lepro- 
matous patients have a worse prognosis and 
respond less well to therapy than tuberculoid 
ones. Long ago it was found that lepro- 
matous patients were not able to form a 
nodule of more than 3 mm in diameter thirty 
days after the intradermal injection of lepro- 
min. (Lepromin is an autoclaved tissue 
suspension obtained from lepromata. It 
contained initially 160x10® bacilli per ml. 
Currently 40x10® bacilli per ml are used). 
Tuberculoid patients were able to form such 
nodule and it had a tuberculoid structure. 
This is the Mitsuda test. In the Madrid 
classification (8) the relationship between 
prognosis, clinical features, basic histology 
and the results of the Mitsuda test was esta- 
blished. Briefiy, lepromatous lesions are 
granulomas formed by foamy histiocytes with 
no lymphocytes. Leprosy bacilli are abun- 
dant inside histiocytes and the Mitsuda test is 
negative. This type has a bad prognosis. 
Tuberculoid lesions are also granulomas, but 
formed by epithelioid and giant cells as well as 
lymphocytes. Bacilli are very scarce, the 
Mitsuda test is positive and the overall 
prognosis is good. (See figure 6). 


Clinical spectrum in leprosy. On the 
left side we can see lepromatous leprosy, 
on the right side the tuberculoid pole, 


Figure 5. 


upper center borderline lepromatous 
and lower center borderline tuberculoid 
leprosy. 


It was shown later that tuberculoid granu- 
loma formation after the injection of suspen- 
sions of leprosy bacilli could be due to cellular 
Immunologic mechanisms (4). Thus, the 
presence or absence of a Mitsuda reaction in a 


person with leprosy or in “contacts” could be 
interpreted respectively to mean existence or 
non-existence of cellular immunity towards 
M. leprae. It became clear, however, that the 
bacillus itself when injected into a normal 
person could induce sensitization. Thus, a 
positive Mitsuda test does not necessarily indi- 
cate previous contact with and sensitization 
against M. leprae, but only the capacity to 
develop cellular immunity against it. 


Figure 6. Comparison between clinical and histo- 
pathological aspects of leprosy. Left side, 
lepromatous leprosy with the correspond- 
ing structure, a very vacuolized macro- 
phagic granuloma. In the center, border- 
line lepromatous leprosy with its structure 
characterized by a macrophagic granu- 
loma with areas where there is moderate 
epithelioid infiltration and some lymp- 
phoid cells. Right side, epithelioid nodules 
with abundant lymphoid infiltration, 
corresponding to the clinical picture of 
tuberculoid leprosy. Hematoxylin-eosin, 

40X. 


There are not yet available soluble prepa- 
rations that would be used in leprosy as tuber- 
culin is employed in tuberculosis, that is, to 
detect previous contact with the causative 
organism. Instead, the Fernandez reaction, 
which is the inflammatory response detected 
48 hours after the injection of lepromin (1) or 
else the use of the remainder after particulate 
matter has been removed from lepromin, have 
been employed with interesting results to 
detect previous sensitization towards M. 
leprae. 


If we admit that lepromatous patients have 
a deficit in their cellular immune response 
towards M. leprae, this may owe either to a 
widespread immune deficiency including also 
other antigens, or to a circumscribed specific 
one, only against M. leprae. There are 
examples of the former instance in diseases 
such as sarcoidosis or Hodgkin’s disease. In 
these, patients may show a partial or total 
inability to develop cellular immunology 


against common antigens. Studies were done 
in which the ability of lepromatous patients to 
display cellular immunity to contact haptens 
(e.g. dinitrochlorobenzene), to demonstrate 
delayed hypersensitivity to the injection of 
antigens such as tuberculin and oidiomycin 
(from Candida albicans), or the ability of their 
lymphocytes to enter in mitosis when stimu- 
lated with PHA or with specific antigens were 
studied. The relative proportions of T 
and B lymphocytes was also _ estimated. 
There are conflicting data from many 
sources. We may summarize the results by 
saying that there are reports that indicate no 
evidence of widespread immune defficiency in 
patients with lepromatous leprosy (6). That 
the overall response of lepromatous patients 
to other infections and the incidence of malig- 
nant tumours in them does not differ signi- 
ficantly from that of controls. This is so if 
truly matched controls are chosen and if the 
non-specific effect of a long standing infection 
is taken into consideration. Finally, while 
the response to M. leprae as estimated by the 
Mitsuda test differs strikingly in patients with 
lepromatous leprosy from that of patients with 
tuberculoid leprosy, the differences in overall 
cullular immunity to an array of antigens and 
tests between lepromatous patients and those 
with tuberculoid leprosy or normal individuals 
is more a matter of degree. 


From a scientific point of view the Mitsuda 
test is not a “clean” one. Lepromin is ill 
defined. The inflammatory response which it 
induces is not due only to specific immune 
mechanisms, but also to non-specific factors 
that influence the final magnitude of inflam- 
mmation. Furthermore, quantitation of the 
latter is at best, rather coarse. 


In vitro tests have been applied in leprosy. 
These include mitogenic response to antigens 
of M. leprae and from other mycobacteria, as 
well as the ability of lymphocytes to produce 
lymphokines (mainly marcrophage migration 
inhibition factor (MIF) when stimulated with 
such antigens. | 


Results may be summarized as follows : 
Lymphocytes from patients with tuberculoid 
leprosy incubated with suspensions of M. 
leprae or fractions therefrom are able to take 
a ‘‘primitive’’ appearance and enter in mitosis. 
Thus they show a characteristic morphology 
when stained with acridine orange and in- 
corporate tritiated thymidine in the newly 
synthesized DNA. These lymphocytes also 
produce lymphokines (in particular MIF) 
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which may be detected by the use of macro- 
phages from peritoneal exudates of normal 
guinea pigs. While lymphocytes from lepro- 
matous patients are able to do essentially the 
same with other antigens, such as those from 
Mycobacterium tuberculoisis, they are unable 
to react when M. leprae suspensions are 
employed. Lymphocytes from_ patients of 
other groups of leprosy respond in an inter- 
mediate fashion between these two extremes. 
(See figure 7). These results confirm and re- 
fine the findings already obtained by means of 
the Mitsuda intradermal test. 


A 


Figure 7. Macrophage migration inhibition test in 
the different forms of leprosy. Left side, 
lepromatous leprosy, center, borderline 
leprosy, both these forms show no inhibi- 
tion of migration with specific leprosy 
antigen, right side, tuberculoid leprosy, 
strong inhibition of migration with the 
same antigen. 


Two points still remained to be clarified, 
namely, whether macrophages from DER- 
MAL exudates are able to respond to lympho- 
kines (macrophages from the lungs do not) 
and most importantly, whether there is indeed 
direct correlation between the lack. of response 
in terms of cellular immunity and diminished 
digestive capacity of macrophages towards 
M. leprae. The latter is not a purely acade- 
demic question because there are instances 
where lack of hypersensitivity to tuberculin is 
not accompanied by decreased resistance to 
tuberculosis. Furthermore, experiments that 
have tried to measure the digestive capacity in 
vitro of macrophages from lepromatous 
patients towards M. leprae as compared with 
macrophages from tuberculoid patients and 


normal individuals, have not given unequi- 
vocal results. 


The first point has been answered recently 
by showing in guinea pigs that macrophages 
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from dermal exudates (harvested by means of 
a chamber implanted at the dermal sub- 
cutaneous junction) do not migrate when 
cultured in vitro with the specific antigen to 
which donor animals were previously sensi- 
tized (5). 


The second point has answers in the so 
called “CCB test” (2). When suspensions of 
M. leprae are injected intradermally into 
lepromatous patients, the bacilli do not 
disappear but persist for a long time. Oppo- 
site results are seen in tuberculoid patients or 
normal Mitsuda-positive individuals who will 
dispose of the injected bacilli and form a 
tuberculoid granuloma. (See figures 8 and 9). 
Interestingly, lepromatous patients behave as 
tuberculoid or normal individuals when other 
mycobacteria are injected (e.g. B.C.G. or 
M. lepraemurium). Furthermore, if M. leprae 
and another mycobacterium are injected toge- 
ther into the skin of lepromatous individuals, 
the latter are able to develop a tuberculoid 
granuloma and to dispose of the injected 
mycobacteria, including M. leprae. The 
preceding results not only show the speci- 
ficity of the digestive defect in lepromatous 
leprosy, but also suggest, although they do not 
prove, that the primary defect may lie in the 
lymphocyte.’ The lepromatous macrophage 
would need only to be triggered to be able to 
successfully digest M. leprae. 


Figure 8. CCB Test with M. leprae in a lepromatous 
patient, showing large numbers of bacilli 
inside macrophages. Fite-Faraco stain, 
40 X. 


In any event, these experiments do indicate 
that the lack of inflammatory response and 
of cellular immunity against M. Jeprae in 
lepromatous patients come together with a 
marked deficiency in digestive properties 


towards that bacterium and hence of defense 
against it. 


yy _ 
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Figure 9. CCB Test with M. leprae in tuberculoid 
patient ; a tuberculoid granuloma with 
zs ee can be seen. Fite-Faraco stain, 


With all these data a spectrum of clinical 
forms of leprosy may be visualized. These 
clinical forms correlate well with microscopic 
features and with cellular immune responses. 
Two polar types exist, the lepromatous and the 
tuberculoid. In the lepromatous pole there 
are widespread lesions affecting the skin, 
nerves and many if not most internal organs. 
Microscopically there is a granuloma formed 
by foamy histiocytes with no lymphocytes. 
Bacilli are present in great numbers inside 
histiocytes. The intradermal injection . of 
bacilli does not produce a positive Mitsuda 
test and bacilli persist in situ for a long time. 
In vitro mitogenesis and lymphokine produc- 
tion is poor or non-existent when M. leprae is 
employed as elicitor. The clinical prognosis 
is poor and in principle, therapy should be 
given indefinitely. In the tuberculoid pole, 
lesions are single or few, they affect only the 
skin and peripheral nerves. Histologically 
there is a tuberculoid granuloma formed by 
epitheloid and giant cells with a goodly ad- 
mixture of lymphocytes. Bacilli are very 
scarce. The intradermal injection of M. 
leprae induces a positive Mitsuda test and 
bacilli are disposed of in a relatively short 
time. In vitro mitogenesis and lymphokine 
production is active when M. leprae is used 
as elicitor. The clinical prognosis is much 
better and chemotherapy may be discontinued 
after clinical cure. 


Intermediate forms exist between these two 
poles. The Madrid classification (8) recog- 
nized two such groups, borderline and indeter- 


minate. The Riddley and Jopling classi- 
fication (7) recognizes a greater number of 
intermediate forms (BL, BB, and BT) follow- 
ing the concept of “gradation” of microscopic, 
clinical and immunological features. For the 
purposes of this chapter it is enough to under- 
stand that features of intermediate groups lie 
between the two poles and that gradation of 
clinical and histopathological features is 
directly related to similar events in cellular 
immune responses and prognosis, including 
the length of time during which chemotherapy 
should be given. 


It ought to be mentioned that the concept of 
“spectrum” does not mean that the disease in 
a given patient may travel through its whole 
range. In practice this is not so. BI 
patients, for instance, may worsen or improve 
but will not go into either the tuberculoid or 
lepromatous ends of the spectrum. 


It is worthwhile to note that other intra- 
cellular parasitic diseases show similar ‘‘spec- 
tra’’ and correlations between clinical, micro- 
scopic and immune features and prognosis. 
American mucocutaneous leishmaniasis is a 
good example (3). Interestingly, patients 
with lepromatous leprosy show a normal res- 
ponse to Leishmania antigens and behave as 
others when infected with Leishmania. This 
is a further argument for the specificity of the 
immune defect in lepromatous leprosy. 


In sum : Leprosy is a disease where differ- 
ent types and forms constitute a spectrum of 
increasing severity and stubbornness to therapy 
as one goes from the tuberculoid to the lepro- 
matous pole. Increasing severity and poor 
prognosis are directly related to a progressive 
deficiency in cellular immune mechanisms, 
predominantly as it refers to response of T 
lymphocytes to M. leprae antigens. This may 
be studied by means of histologic techniques, 
intradermal testing and in vitro culture of 
lymphocytes. Current evidence favours the 
view that this lack of response (anergy) is 
specific and that deficiencies in other para- 
meters, if they exist, are coincidental or secon- 
dary to a prolonged disease process. It is 
likely, but not certain that the defect lies pri- 
marily in the lymphocyte. The macrophage 
being an effector cell. It is not clear whether 
this defect is genetic in origin or acquired 
early in the life of patients. 
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SPECIFIC SERODIAGNOSTIC TESTS FOR LEPROSY 


MASAHIDE ABE 


INTRODUCTION 


The diagnosis of leprosy is usually based on 
clinical symptoms and _ bacteriological 
examinations. However, respective findings 
are not specific to leprosy, because similar 
skin lesions or peripheral nerve involvements 
are seen in other diseases and acid-fast stain- 
ing of bacilli is a common property of various 
strains of mycobacteria. For these reasons, 
it is sometimes difficult to find out new cases 
in very early stage of leprosy and to prevent 
the onset of disease during the incubation 
period. Although the mode of leprosy in- 
fection is not clarified yet, it is generally accep- 
ted that some immune responses may take 
place before clinical manifestation of leprosy. 
Therefore, if an adequate method for detecting 
this response is available, early diagnosis of 
leprosy will become more reliable and it will 
bring much benefits to prophylaxis and treat- 
ment of leprosy. 


IMMUNOLOGICAL BACKGROUND 


1. Defense mechanisms in leprosy 


When leprosy bacilli invade the body, they 
are first ingested in “‘phagocytes”, the cells 
being known as monocytes or macrophages 
in various tissues and organs. After certain 
period of incubation in these cells, the bacilli 
may multiply to some extent. Thus, the 
phagocytes come to the end of their life and 
the bacilli released from dead cells are again 
taken in new phagocytes. During this 
repeated process, the product of living bacilli 
or the cell constituent of dead bacilli may act 
as “‘antigens’’ and stimulate immune sensitive 
cells (B-cells) which respond with the produc- 
tion of ‘antibodies’. The antibodies are 
found as immunoglobulins in the serum and in 
various secretions. Generally, antibodies can 
combine specifically with antigens and pre- 
cipitate soluble antigens or agglutinate parti- 
culate antigens. These reactions in vitro 
are the basis of serodiagnosis. The antigen- 
antibody reactions occurred in vivo may serve 
to localize, to neutralize and to eliminate 


hazardous antigens. There is another hu- 
moral defense mechanism called “complement 
system’. This system consists of at least 
15 kinds of serum proteins which are capable 
of interacting with each other, with antigen- 
antibody complexes, and with cell membranes. 
These interactions lead to the generation 
of various biological activities, such as lysis 
of bacteria, acceleration of phagocytosis, 
mediation of inflammatory processes. In 
leprosy, however, complement system seems 
to be useless for lysis of leprosy bacilli and 
rather to be favourable for their growth by 
accelerating phagocytosis. Thus, a series of 
these processes, antibody production, phago- 
cytosis and bacterial growth, are repeated 
continuously and lead to the development of 
lepromatous leprosy. 


On the other hand, there is a cellular defense 
mechanism which does not permit the growth 
of leprosy bacilli in phagocytes. This mecha- 
nism is called ‘“‘cell-mediated immunity’’, 
the details of which will be described in sepa- 
rate articles. In short, the antigens released 
from leprosy bacilli stimulate another system 


‘of immune sensitive cells (T-cells). Activated 


T-cells are capable of proliferating in lymphoid 
organs, interacting with other cells, and 
producing chemical mediators which lead 
to the generation of various biological acti- 
vities such as activation of phagocytes, 
inhibition of leucocyte-migration, damage of 
tissue cells, etc. When this type of immune 
response is working well, leprosy bacilli are 
destroyed by the activated phagocytes, and 
the amount of antigens relased from the 
bacilli is not sufficient for the stimulation of 
B cell system leading to the production of 
antibodies. These features are characteristic 
to tuberculoid leprosy. 


2. Antigens of leprosy bacilli 


Morphological components of leprosy 
bacilli are divided into 4 parts: cell wall, cell 
membrane, cytoplasmic particle and fluid. 
Main chemical component of cell wall is a 
complex of lipid, poly-saccharide and protein. 
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The other constituents are supposed to consist 
of one or more of these substances. Recently, 
a “halo-like substance” has been noticed by 
some investigators, but it is unclear whether 
this substance may be derived from bacilli 
or from host cells. Although chemical nature 
of antigens in leprosy bacilli is not clarified 
yet, it is reasonably possible to presume the 
major component of respective antigens by 
examining immune responses in _ leprosy 
patients and by searching some analogies 
with the antigens in tubercle bacilli. 


(a) Lipid antigens 


Two kinds of liquid, phospholipid and gly- 
colipid are obtained from chloroform extract 
of lepromatous nodulest. The phospho- 
lipid, when adsorbed on kaolin particles, 
causes positive agglutination reaction with 
leprous serum, and this reaction shows good 
correlation with the agglutination caused by 
cardiolipin, a phospholipid purified from beef 
heart. This fact seems to indicate that cardio- 
. lipin or similar phospholipid may be present 
in leprosy bacilli. It is well known that cardio- 
lipin is also present in tubercle bacilli. 


The glycolipid fraction isolated from lepro- 
matous nodules shows a specific inhibition of 
Middlebrook-Dubos’ passive hemagglutina- 
tion test using lipopolysaccharide antigen of 
tubercle bacilli. The principle of this sero- 
logical reaction is as follows: when free 
antigens have combined with corresponding 
antibodies, the latter are no longer able to 
agglutinate red blood cells coated with the 
same or related antigens. Therefore, the 
above finding suggests that glycolipid fraction 
contains the antigens similar to those of 
tubercle bacilli. 


(b) Polysaccharide antigens 


The Middlebrook-Dubos’ passive hemag- 
glutination test is frequently positive with the 
serum of leprosy patients. The test shows a 
good correlation with the passive hemag- 
glutination using water-soluble extract of 
leprosy bacilli. A polysaccharide fraction 
obtained from lepromatous nodule extract 
(NE) shows positive precipitation in agar- 
gels with rabbit antisera against BCG and 
the other mycobacteria. ’Similar antigens 
are also separated from leprosy bacilli grown 
in armadillos?. These facts seem to indicate 
that polysaccharides of these mycobacteria are 
antigenically © common. Therefore, this 


antigen has little value for specific sero- 
diagnosis of leprosy. 
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(c) Protein antigens 


At least two kinds of protein antigens have 
been separated from water-soluble extract of 
lepromatous nodules (NE). These are 
tentatively called NEPR and NEG2?%. 
The former has higher molecular weight and 
larger electric charge than the latter. Both 
antigens are capable of causing skin reactions 
in leprosy patients, the reaction being well 
correlated with the Fernandez’ reaction and 
co-incident with the disease type. However, 
the antigenicity in rabbit is quite different; 
NEPR can easily induce the production of 
antibodies, while NEG2 does not. Rabbit 
antibodies prepared from anti-NE or anti- 
NEPR sera and labelled with fluorescent dye 
(FITC) can stain leprosy bacilli specifically. 
No mycobacterium other than this bacilli 
reacts with these fluorescent antibodies. On 
the other hand, rabbit fluorescent antibodies 
to respective mycobacteria do not react with 
leprosy bacilli after the absorption of 
cross-reacting antibodies by adding excess 
of polysaccharide antigens of respective bacilli. 
Therefore, NEPR _ is considered to be a 
specific protein antigen of leprosy bacilli. 


Recently, for the purpose of skin reactions, 
protein antigens have been separated from 
leprosy bacilli grown in armadillos*. How- 
ever, its serological properties are not known. 


(d) Antigens of insoluble components 


These are obtained by high speed centri- 
fugation of sonicated bacillary suspension and 
they are the principal substances in lepromin 
causing Mitsuda’s late reaction. The main 
chemical component of insoluble antigens 
may be a lipopolysaccharide-protein complex 
which constitutes the cell wall. The anti- 
bodies to this antigens are found in leprous 
serum by indirect fluorescent antibody 
technique. 3 
PRACTICE OF SERODIAGNOSTIC TEST 
FOR LEPROSY 


1. Necessary requirements as laboratory test 


The most of serological tests are carried out 
by laboratory technicians. Although they 
should have mastered fundamental techniques 
for serological reactions, sometimes they 
misread the result of reactions because of 
unstable test reagents and/or unsuspected 
technical errors. Therefore, the technique of 
serodiagnostic test must be simple and re- 
producible as much as possible. The other 
important requirements are serological sen- 


sitivity and specificity of the reactions. The 
former is expressed by the percentage of posi- 
tive reactions in leprosy cases and the latter 
by the percentage of negative reactions in 
non-leprosy cases. Ideally, both of these 
percentages should be 100% or nearly 100 %, 
but practically either of them has occasionally 
to be lowered in order to raise the other. 
For the purpose of screening suspected or 
doubtful cases, the test must be highly sensitive 
so that all of the cases in question are picked 
up. For the verification of leprosy and for the 
identification of leprosy bacilli, the test must 
be highly specific so that all of non-leprous 
cases are excluded. 


Although numerous serological tests have 
been reported so far, the most of them are used 
for research purpose only and are considered 
to be inadequate for the above requirements. 
Only two tests which are worthy of being 
recommended as serodiagnostic test are des- 
cribed below, and it is very important to use 
these tests properly, according to the purpose 
of examination. 


2. Outline of the method 
(a) Leproagglutination test 


This test has been developed in relation 
with serodiagnostic test for syphilis. It has 
been formerly known that the latter is fre- 
quently positive in the serum of leprosy 
patients. These biologically false positive 
reactions are due to the antibodies reacting 
with a mixture of cardiolipin and lecithin in 
1:1 weight ratio’, while syphilitic anti- 
bodies have highest affinity to those in 1:10 
ratio. Therefore, using different ratios of 
cardiolipin and lecithin as antigens, differen- 
tial diagnosis between leprosy and syphilis 
is possible. The reaction with the antigen of 
1:1 ratio is called Leprogglutination. 


The method of this test is briefly described 
as follows: one volume of alcoholic solution 
of cardiolipin and lecithin (each 0.5 mg/ml) 
is rapidly diluted with 19 volumes of saline, 
then mixed with 5 volumes of kaolin suspen- 
sion in water (1 mg/ml). After incubation at 
37°C. for 30 minutes, the mixture is twice 
diluted with saline and is ready for use. This 
mixture is called antigen-particle suspension. 
The serum previously inactivated by heating 
at 56°C for 30 minutes is serially diluted to 
twofold with saline from 1:2 to 1:256 so that 
0.2 ml of each diluted serum is left in each 
test tube. Two-tenth ml of the antigen- 
particle suspension is added to each tube 
and mixed well. After incubation at 37°C 


for 30 minutes, the test tubes are centrifuged 
at 2,000 rpm for 5 minutes. The agglutina- 
tion is read by resuspending kaolin particles 
gently and scored as 3+, 2+, 1+ and 0 
(negative), according to average size of aggre- 
gates. The agglutination titer is expressed 
by the highest dilution of serum showing 1+ 
positive reaction. This is called “L ratio 
titer’, 


For differential diagnosis of syphilis, similar 
agglutination test is carried out, using alco- 
holic solution of cardiolipin (0.01%) and 
lecithin (0.1%), 1:10 ratio instead of 1:1. 
The agglutination titer of this test is called 
**S ratio titer’. 


(b) Indirect fluorescent antibody test 


This test is based on the same principle as 
that of fluorescent treponemal antibody 
absorption (FTA-ABS) test which is used 
for serodiagnosis of syphilis, and therefore 
called ‘‘fluorescent leprosy antibody absorp- 
tion” (FLA-ABS) test. The details of the 
technique used for this test have been des- 
cribed previously®. In brief, the smear of 
leprosy bacilli is covered with the serum 
which has been absorbed and diluted by the 
addition of cardiolipin, lecithin and tubercle 
bacilli polysaccharide. After the absorption, 
the antibodies to these antigens are no longer 
able to react with leprosy bacilli and the sole 
antibodies reacting specifically with the bacilli 
remain in the serum. After reacting with the 
absorbed serum, the smear is rinsed in phos- 
phate-buffered saline (PBS) to remove non- 
reactive serum proteins. The antibodies 
fixed to leprosy bacilli are detected by reacting 


with antihuman immunoglobulin antibodies 


labelled with FITC. As the latter combines 
with human antibodies, the leprosy bacilli 
in the smear show green fluorescence in a 
dark eye-field of fluorescent microscope. 
The antibody titer is expressed by the maxi- 
mum dilution of absorbed serum giving posi- 
tive reaction. 


This test is very sensitive, that is, very suit- 
able for detecting minute amount of antibodies 
irrespective of their immunoglobulin classes 
and of their immunological properties, be- 
cause all kinds of antibodies capable of 
combining with the antigen of leprosy bacilli 
are concerned in the reaction. As the control, 
the smears incubated with fluorescent anti- 
body alone should show no fluorescence. 
This test is rarely positive at 1:10 dilution of 
the serum from healthy non-contact. There- 
fore, the reaction at 1:40 or higher dilution 
should be considered to be positive. 
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(c) Enumeration and identification of leprosy 
bacilli 


FLA-ABS test is useful for enumeration of 
bacilli or detection of bacilli-derived antigens 
in skin smears by using absorbed and diluted 
serum from known lepromatous patient, 
because bacterial index measured by this test 
shows a good coincidence with that obtained 
by routine test®. If the specificity of this 
reaction is confirmed by negative reaction 
with the smears of the other mycobacteria, 
the bacilli showing positive fluorescence may 
be identified as leprosy bacilli. For this 
purpose, direct stainings of bacilli with anti- 
NE or anti-NEPR fluorescent antibodies are 
also available, because these reactions are 
highly specific to leprosy bacilli, as described 
above. However, these antibodies are used 
for research purpose only, because their pre- 
paration has not been standardized yet. 


3. Clinical significance 


(a) differential dagnosis of leprosy and 
syphilis 

In Leproagglutination test, both high titers 
in L ratio and S ratio are considered to be the 
complication of syphilis in leprosy patient. 
In fact, the other serodiagnostic tests for 
syphilis such as TPHA and FTA-ABS using 
treponemal antigen are also positive in these 
patients. Such cases were found, for example, 
in 43 (4.1%) among 1,038 cases of leprosy 
patients in Japan, the percentage being nearly 
the same as a prevalence rate of syphilis in this 
country at that time. If agglutination titer 
is high in L ratio, but low in S ratio, the latter 
means biological false positive reaction due to 
leprosy. In such case the reaction with tre- 
ponemal antigen is always negative. A very 
strange and interesting fact is that no syphi- 
litic skin lesion has been noticed in leprosy 
patients even if the complication of syphilis 
is confirmed by serological test. This may be 
due to the cross-immunity between leprosy 
and syphilis. 


(6) Correlation between Leproagglutination 
titer and clinical findings 


Leproagglutination (L-ratio) titer is closely 
related to the disease type of leprosy, except 
for the cases with the complication of syphilis. 
The titer is high (1:32 or more) in lepromatous 
leprosy, but low (1:16 or less) in non-lepro- 
matous. The sera from healthy persons 
show positive reaction with low titer. There- 
fore, the reaction with low titer is not specific 
to leprosy. Positive reaction with high titer 
has clinical as well as immunological signi- 
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ficance. The production of anti-cardiolipin 
antibodies in leprosy is supposed to be related 
to lipid-degeneration of lepromatous lesions 
(histologically expressed by the appearance 
of foamy cells). The isolation of cardiolipin- 
like phospholipid from lepromatous nodules 
as described above may _ support _ this 
hypothesis. As shown in Table 1, the cases 
with high titer are most frequent at retro- 
gressive status of lepromatous skin lesion in 
which the appearance of foamy cells is pre- 
dominant, secondly in progressive and least 
in quiescent status in which lepromatous 
lesion has been resolved. Relatively rapid 
increase of L ratio titer and its gradual decrease 
(a typical course of antibody production) 
were observed in many cases of lepromatous 
leprosy under treatment. Therefore, the 
change of antibody titer has prognostic value. 
In other words, continuous decline of L- 
ratio titer suggests the absorption of lepro- 
matous lesion and a tendency to recovery. 
Conversely, progressive elevation or conti- 
nuous high level of this titer suggests the 
progressive or active lepromatous lesion. 
When the extent of lepromatous skin lesions 
is graded as follows, L, represents the cases 
with the lesions existing in 4 areal units or 
less out of 16 made all over the body surface, 
L, ones with those in 5 to 11 units, and L, 
in 12 units or more. It is noticed in Table 2 
that the cases with high titer tend to ’appear 
more frequently following the increase of 
lesions from L, to L,. This is probably due 
to the fact that a patient with a greater extent 
of lesions will keep more leprosy bacilli and 
may produce the antibody more easily. 


Leproagglutination titer seems to be 
closely related to the occurrence of reaction 
in lepromatous leprosy called ENL (erythema 
nodosum leprosum). As shown in Table 3, 
a case with ENL often shows a high titer. 
It is known that ENL occurs after the appea- 
rance of foamy cells. A rapid fall of L-ratio 
titer is frequently seen during ENL. These 
facts seem to support the etiology of ENL 
that it is an Arthus type of hypersensitive 
reaction caused by antigen-antibody complex 
formation in the foci and in the blood vessel. 
However, there is no direct evidence that 
anti-cardiolipin antibodies are concerned in 
this reaction. Be the etiology what it may, 
Leproagglutination test may be useful in 
foreseeing the appearance of ENL. 


(c) Significance of fluorescent leprosy anti- 
body absorption (FLA-ABS) test 


The principal use of FLA-ABS test is to 
detect all kinds of antibodies capable of 


combining with leprosy bacilli antigens. The 
antibodies reacting with cardiolipin-lecithin 
(1:1) and with tubercle bacilli polysaccharide 
are not concerned with this test, because 
these antibodies have been absorbed by the 
addition of excessive antigens. The effect 
of this absorption on the specificity of the 
reaction is shown in Fig. 1, by comparing 
average antibody titers before and after the 
absorption, using smears of various myco- 
bacteria. In case of the reaction with leprosy 
bacilli (M. leprae), no significant fall of 
antibody titer is observed after the absorption, 
while statistically significant fall is noticed 
in case of the other mycobacteria. There- 
fore, the reaction with absorbed serum at an 
appropriate dilution is specific to leprosy 
bacilli. The antibodies concerned with this 
reaction are supposed to react with the specific 
protein antigen present in bacterial cytoplasm. 
However, further absorption of serum with 
NEPR, a purified protein antigen isolateed 
from lepromatous nodules, does not make the 
reaction quite negative, though the fall of anti- 
body titer is distinct. In usual test, too, 
some bacilli show positive fluorescence of 
cell wall only. These facts seem to indicate 
the presence of antibodies reacting with the 
antigens of insoluble constituents. 


fs. FLA-TITER OF LEPROMATOUS SERA AGAINST VARIOUS MYCOBACTERIA 


MN. Leprae M, LEPRAEMURIUM M. TUBERCULOSIS BCE 


Antipopy TITER (1OX4*) 


CLLZZZZAWVERAGE TITER BEFORE ABSORPTION 
Se [___] AVERAGE TITER AFTER ABSORPTION 


Fig. 1 


FLA-ABS test is suitable for determining 
immunoglobulin class of antibodies by the 
use of fluorescent antibodies specific to res- 
pective immunoglobulins. For example, if 
anti-human IgG fluorescent antibodies are 
used instead of anti-human immunoglobulin 
antibodies, the former react selectively with 
IgG class antibodies fixed to leprosy bacilli. 
Therefore, the titer of these antibodies is 
easily determined. Using this technique, 


anti-M. leprae antibody titers of respective 
immunoglobulins were examined with the 
serum and nasal secretion from leprosy 
patients. The result is shown in Fig. 2. 
Solid line in the figure represents the mean of 
antibody titer and its confidence range in 
lepromatous cases and broken line is those in 
tuberculoid. The difference between these 
two means is statistically significant in case 
of total Ig and IgG antibody titers in the 
serum. Comparing with these titers, nasal 
IgG and IgM titers are very low in some 
cases of lepromatous patients and are nega- 
tive in the other cases and in almost all of 
tuberculoid cases. Serum IgA antibodies 
are found only in 2 cases with lepromatous 
leprosy. However, nasal IgA antibodie sare 
found in all of the cases with tuberculoid 
leprosy and in 2 cases with lepromatous, 
though the titers are not high. IgE anti- 
bodies are entirely negative in the nasal secre- 
tion of all cases, but are found in the serum of 
7 cases with lepromatous leprosy. Since IgA 
antibodies in secretions are known to have 
protective effect on the infection through 
mucous membrane, tuberculoid patients may 
be protected from the invasion of leprosy 
bacilli through this route. 
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Fig. 2 


The antibody titer in FLA-ABS test is 
closely related with immunological spectrum 
of leprosy expressed by Ridley-Jopling’s 
scale. As reported previously®, average anti- 
body titer is highest in LL, declining from BL 
to BT, and lowest in TT. The relationship 
with the other clinical findings studies on the 
patients in Okinawa is shown in Table 4. 
The antibody titer is highest in progressive 
status of leprosy lesions irrespective of their 
disease type. Distinct fall of the titer is seen 
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in quiescent and arrested states. ENL has 
no definite effect on the antibody titer, in 
contrast to the difference in Leproagglutina- 
tion test (Table 3). However, four cases 
with reversal reaction show high antibody 
titer, the difference from that of the other 
cases being statistically significant. Bacterio- 
logically positive cases have higher titer 
than negative cases. From these results it 
is anticipated that FLA-ABS test may become 
positive in earlier stage of leprosy than that 
observed by leproagglutination test. 


The usefulness of this test as an early sero- 
diagnosis of leprosy has been stated in a 
previous report. This must be proved by 
testing large number of cases with indeter- 
minate leprosy as well as contact cases. 
Among 19 laboratory workers in the author's 
institute 5 were positive (26.3%) in FLA-ABS 
test, though the titers were not high. Four 
persons out of 5 are working in the laboratory 
for more than 15 years. Accordingly, these 
positive reaction might be caused by sub- 
clinical infection by leprosy bacilli. 


SUMMARY 


For the practical, specific serodiagnosis of 
leprosy, the author recommended Leproag- 
glutination and fluorescent leprosy antibody 
absorption (FLA-ABS) tests and discussed 
their immunological as well as clinical signi- 
ficances. The principle of Leproagglutination 
test is a passive agglutination of kaolin 
particles coated with cardiolipin-lecithin in 
1:1 ratio (L-ratio). Simultaneously testing 
with cardiolipin-lecithin in 1:10 ratio (S- 
ratio), differential diagnosis of leprosy and 
syphilis is possible. The agglutination titer 
in L-ratio is closely related to the status and 
extent of lepromatous skin lesions and to the 
occurrence of ENL. Therefore, this test is 
useful as an indicator for the treatment of 
lepromatous leprosy. FFLA-ABS test is based 
on the method of indirect immunofluores- 
cence and capable of finding all kinds of anti- 
bodies reacting specifically to leprosy bacilli. 
This test is also useful for serological identi- 
fication of this bacilli by using adequately 
absorbed and diluted serum from leprosy 
patients. The reaction is so sensitive that it 
becomes positive at very early stage after the 
infection. Therefore, this test may also 
serve for early serodiagnosis of leprosy. 
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TABLE 1 


Leproagglutination titer in relation 
to the status of lepromatous leprosy 


Status 
Total 
Retro- 
gres- 
sive 


Pro- 


gres- 
sive 


Quies- 
cent 


407 38 
(72.1) (55.1) 
31 


64 509 
(65.3) (69.5) 
34 157 222 


564 69 731 


TABLE 2 


Leproagglutination titer in relation 
to the extent of lepromatous lesion 


Extent of lesion* 


Titer ae Total 
L, L, L, 

High 16 180 313 509 

(%) (24.2) (66.7) (79.3) (69.5) 

Low 50 90 82 222 

Total 66 270 395 731 


* Symbols L, L, and L, are defined in the text. 


TABLE 3 


Leproagglutination titer and 
erythema nodosum leprosum (ENL) 


ENL 
Titer ———__________—— Total 
Positive Negative 
High 294 PA > 509 
(%) (79.5) (59.6) 
Low 76 146 LEE 
Total 370 361 731 


TABLE 4 


Average antibody-titer of FLA-ABS test in relation to 
various clinical findings of leprosy 


Clinical findings 


No. of 


Average Level of 
cases titer Difference significance 
Status Progressive 29 3.10 1.01 < 0.05 
Retrogressive 46 2.09 
Quiescent pwd 1.00 | Ei <0.01 
Arrested 26 1.31 
ENL Present 13 2.46 0.59 
Absent 152 1.87 
Reversal Present = 4.50 2.65 <0.01 
reaction Absent 161 1.85 
Siete serine Sr Ss 
Bacteria Positive 39 2.54 toe! >0.001 
Negative 73 1.33 
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AN ANTI-LEPROSY VACCINE AS A LOGICAL APPROACH 
TO CONTROL OF LEPROSY 


G. P. TALWAR 


India has the world’s largest number 
of leprosy patients. The official figures in 
1970’s are nearly twice as high as those of 
the 1960’s. To some extent this increase 
may be a reflection of wider detection net- 
work. The surveys have, however, not 
covered every inch of the country and the 
actual number of patients suffering from this 
disease are likely to be higher than the 
3.2 million official figures. This number is 
too large and their distribution too spread 
out to enable in practical terms, their isola- 
tion in sanitoria or other secluded places. 
The patients suffering from the Hansen’s 
disease will therefore remain for a long time 
amongst us as a part and parcel of the general 
rural and urban community. 


The disease has a latent period of several 
years and it is not infrequent that a case be- 
fore its detection comes in contact with others 
with whom he lives and works. The infec- 
tion is thus constantly spread by the untreated 
bacillus loaded cases of leprosy. The reser- 
voir of the disease is probably the man, even 
though some animals such as the armadillo 
and mouse are able to offer a conducive 
environment for the growth and multiplica- 
tion of the bacteria. These animals are 
however primarily of experimental interest 
and the major transmission of the disease 
may essentially take place from one human 
being to the other, either by direct contact, 
respiratory route or through vectors such as 
the bugs and mosquitoes. For an effective 
control and eradication of the disease there- 
fore, this cycle requires to be intercepted. 
In other words situations have to be so 
devised that a human contact even when 
subjected to infection with M.’ eprae, be 
capable of eliminating the bacteria and 
restricting the disease. This faculty is for- 
tunately present in a large majority of us but 
1s missing In some who may constitute less 
than 1% to about 8% of the total population 
Im a given area. The task therefore is to 
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ring from lepromatous leprosy. 


find a way by which the defence capacity of 
the susceptible population can be reinforced. 
Concurrently, it will be of interest to learn 
the mechanism by which the naturally resis- 
tant large part of the population is able to 
combat the infection. These questions 
demand a comparative study of the status of 
the immune system in healthy men and in 
lepromatous leprosy patients. 


Body defends itself against infections by a 
variety of ways. Skin offers a physical barrier 
and mucoid secretions, hair, cilia try to 
prevent the organism from gaining access into 
the system. When the entry takes place, 
polymorph leucocytes try to destroy the orga- 
sisms nonspecifically by virtue of the deadly 
enzyme equipment that they possess. Other 
non-specific mechanisms such as the pro- 
perdin and interferon also come into play 
with the general aim of eliminating the infec- 
tion. All these offer the first-line defence to 
the invading bacteria. 


In the event that the infection gains ground, 
and establishes itself, as is the case in the 
leprosy patients, it is necessary to consider 
the possible ways by which it happens. 
M. Leprae is an obligatory intracellular para- 
site and seems to grow in macrophages. 
These cells have an elaborate enzymatic 
machinery and can digest a variety of ingested 
material. Normally, these cells have a 
scavanger function and their role is to clear 
up the debris of bacteria and other organisms 
by engulfing these particles and digesting 
the same by the enzymes present in special 
sacs called the lysosomes. However, these 
very cells in some situations act as the host 
cells for M. leprae and the major question 
that arises is the reason why the bacteria are 
not eliminated by such cells in, a patient suffe- 
Instead of 
killing and destroying the bacteria, the host 
cells in lepromatous leprosy patients provide 
a favourable soil and nutrition for growth and 


poliferation of the bacteria. In patients who 
have self-limiting type of the disease (tuber- 
culoid leprosy) e.g. who have good resistance 
to leprosy, the infection is localized and the 
bacteria eliminated (Fig. 1). The host cells 
function in these individuals in a manner so 
as to kill and digest the mycobacteria instead 
of supporting their growth. It is this differen- 
tial way of handling the mycobacteria by 
different persons that requires close study. 
This knowledge would suggest rational ways 
to modulate the host cell function in the desir- 
able direction. 


What is wrong in lepromatous leprosy? 


Lepromatous leprosy patients have high 
levels of globulins in the serum. They have 
also antibodies present in circulation which 
can react with M. leprae and other mycobac- 
terial antigens (1, 2, 3, 4-7). The antibodies 
are apparently not protective against the 
infection. Their ability to form antibodies 
to TABC and other vaccines is unimpaired 
(8, 9). Humoral immune responses are thus 
operative. 


On the other hand, the cell mediated 
immune functions are basically deficient in 
the lepromatous leprosy patients. This 
deficiency is both of specific and of nonspecific 
type. The blast transformation of lympho- 
cytes with M. leprae antigens is poor (10, 11). 
They are unable to form the biologically active 
group of peptides (called lymphokines), when 
lymphocytes come in contact with M. leprae 
antigens (12-15). There is also evidence for a 
general depression of CMI (cell-mediated 
immunity) responses in patients with high 
bacterial load and is perhaps an instance of 
secondary immuno-depression consequent 
upon infection (16). The blast transformation 
of leucocytes with mitogens is depressed 
(17-20). The number of early rosette forming 
~ T-cells (thymus derived lymphocytes), carrying 
high electric charge is reduced. Some of 
these deficiencies are recovered with the 
clearance of the infection (21, 22, 23). 


The impact of a deficient function of 
lymphocytes on cell mediated immunity and 
the handling by the macrophages of the 
ingested mycobacteria is only partially under- 
stood. Four years back we developed a 
system by which an adequate yield of mono- 
cytes was obtained from a reasonable amount 
of human peripheral blood (24). The mono- 
cytes developed into macrophages in suit- 
able media supplemented with 40 percent of 
human AB-serum. The cells conld be main- 


tained in culture for prolonged periods. They 
were active for engulfing mycobacteria and 
other particles. The cells could be loaded 
with M. leprae in in vitro conditions (Fig 2). 


Sensitve methods were then devised to 
check whether in a given situation, the host 
cell would offer possibilities for the metabolic 
growth of the bacteria. A new method 
based on radioactive pulse with ?H-thymidine 
was developed (25). The rationale of using 
radio-precursor was the absence in macro- 
phages of thymidine kinase. The host cells 
were thus unable to incorporate this precursor. 
However, in the event that the bacteria divi- 
ded, they must double their DNA content. 
The incorporated radioactivity counts in this 
system would thus primarily account for the 
bacterial DNA synthesis without interference 
of the host cells. 


Preliminary experiments were performed 
by my coworker A. D. Krishnan (26), which 
shed some light on the possible role of 
lymphocytes in handling by macrophages of 
the ingested mycobacteria. It was observed 
that in case lymphocytes from tuberculoid 
leprosy patients were included alongwith the 
mycobacteria and macrophages in the culture 
system, the incorporation of ?H-thymidine by 
the ingested mycobacteria is low. A similar 
experiment performed with lymphocytes from 
lepromatous leprosy patients showed a much 
higher incorporation of *H-thymidine (27). 
These observations suggest that the lympho- 
cytes differ in their competence, and that it 
is the non-availability of the competent 
lymphocytes in the lepromatous leprosy 


‘patients which is perhaps responsible for the 


lack of the activated macrophage function 
and for the uninhibited growth of the bacteria 
in the host cell. (Table 1). 


TABLE 1 


Characteristics of the two 
polar forms of Leprosy 


Tuber- Lepro- 
culoid matous 
leprosy __ leprosy 
Bacterial Density — or + =e 
Lypmhocytes in the 
Lesion ~}--[--}- —or + 
Reactivity to M. Leprae 
antigens “eae —or-+- 
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Fig. la. Froma tuberculoid leprosy shows marked : 1 Fea <: tes 
infiltration of lymphocytes and macrophages of (eee Tipotant indictae "ok ‘imintine 
epitheloid type. Scattered Langhan’s type of giant reactions) are scanty. (H.E. x 100) 

cells are seen in the deep dermis. 


Fig. 1d. Histological appearance of the skin of 

; lepromatous leprosy patient stained with Ziehl- 

Fig. lc. Tuberculoid granuloma characterised by Neelsen at higher magnification (X X 2100). Solidly 

giant cells and numerous lymphocytes at higher stained bacteria can be seen in abundance in the 
magnific ation (H.E. x 210). ‘foamy’ histiocytes. 


If these observations be true, then the basic 
task for the immunologists is to devise methods 
for improving the competence of lympho- 
cytes capable of performing cell mediated 
immune functions. 


Fig. 2 in vitro culture of macrophages derived from 
human blood monocytes according to Krishnan & 
Talwar (1974). The cells in culture can be infected 
with M. leprae and the influence of various factors 
such as competent lymphocytes and their products 
(lymphokines), as well as Drugs can be studied on 
Mycobacterial growth. Photo shows 2 cells loaded 
with bacteria. ( X 2100). 


A Vaccine 


A vaccine needs to be developed which can 
improve the cell mediated immune functions 
in recipients. The vaccine should primarily 
invigorate the cell mediated immunity and 
not provoke the formation of antibodies, 
specially of the undesirable type which are 
non-protective. 


The vaccine should be amenable to manu- 
facture on a large scale, as the number of 
potential recipients will be large in countries 
where leprosy control is required. More- 
over, the immunity imparted by the vaccine 
should be of a long duration. 


M. leprae versus cultivable saprophytic myco- 
bacteria as basis of the vaccine 


Theoretically, it may be possible to pre- 
pare antigens from M. leprae which can im- 
part immunity to M. leprae infection. This 
has indeed been achieved by Dr. Shepard 
et al. in mice (28, 29). The duration of immu- 
nity produced in such cases is, however, 
not known. From the experience gained with 
other mycobacteria (BCG in tuberculosis), 
it is known that for prolonged duration of 
immunity, recourse may have to be taken to 
live bacteria. BCG by itself may not be the 
right bacteria for an antileprosy vaccine. 
This experience has two lessons. On the one 
hand it encourages an approach with cultivable 
mycobacteria and shows the feasibility of the 
exercise. On the other it is clear that bac- 
teria with better protective properties than 
BCG have to be used. Most experts feel 
that M. leprae has not been cultivated in vitro 
so far (although some investigators have 
reported cultivable forms—Bapat, Murohashi, 
Skinses, Chatterjee (30, 31, 32, 34). It is 
difficult to envisage the availability of attenu- 
ated strains of what may be generally accept- 
able as M. leprae without pathogenic potential. 
Immunization with M. leprae will therefore 
remain restricted to the use of killed prepara- 
tions and no living vaccine with M. leprae 
is conceivable in the near future. 


In contrast, a living vaccine can become a 
reality if we can find a suitable saphrophytic 
atypical cultivable mycobacteria. Atypical 
acid fast bacilli have been collected in clinics 
all over the world. Amongst these, those 
which are fast growing and nonpathogenic 
in the conventional test animals, need to be 
further probed for use as vaccines. 


In our laboratory, a work on this line has 
been going on since that last 3 years. We 
have a collection of 71 mycobacteria. Out 
of these, the fast growers and non-pathogenic 
strains have been screened for the presence 
of the desirable antigens. The following 
strategy was employed for this purpose. 
Our aim was to select out those strains of 
mycobacteria which share the cell mediated 
immunity inducing antigens with M. leprae. 
We made use of tuberculoid leprosy patients 
whose sera and cells formed the reference 
points. The choice of the tuberculoid patients 
was based on the consideration that these 
patients have evidence of having had M. 
leprae infections and also of having had the 
requisite resistance to contain the disease and 
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an ability to eliminate the infections. A 
series of laboratory tests were performed 
with M. leprae and with other mycobacteria 
strains. Those showing close similarities 
with M. leprae with respect to CMI func- 
tions were selected out. The details of these 
laboratory investigations will be reported 
elsewhere in detail very shortly (33). 


These were followed by confirmatory ex- 
periments in experimental animals in which 
the delayed hypersensitivity response of M. 
leprae and selected mycobacterial antigens 
was assayed. Protection experiments were 
also undertaken in mice. 


These studies have led to the selection of 
about 5 strains of mycobacteria for further 
testing as basis of an eventual vaccine. 


The next step requires a feed back from the 
field and the clinics. Mitsuda and Dharmen- 
dra types of lepromins prepared from M. 
leprae and from these strains of Mycobac- 
teria have been distributed to a number of 
Centres for preliminary testing. The clinics 
engaged in this work are currently those 
headed by Dr. L. K. Bhutani, Head of 
the Department of Dermatology, All India 
Institute of Medical Sciences, New Delhi; 


Dr. Ratan Singh, Professor and Head of 
the Department of Dermatology, Maulana 
Azad Medical College, New Delhi; Dr. 
Gurmohan Singh, Professor and Head 
of the Department of Dermatology, Banaras 
Hindu University, Varanasi; Dr. L. M. 
Hogerzeil, Director and Specialist Dermato- 
logy, Victoria Hospital, Dichpalli, Nizamabad 
District; Dr. C. Vellut, Medical Superinten- 
dent, Hemerijckx Leprosy Centre, Polambak- 
kam, Chingleput District and Dr. K. V. Desi- 
kan, Director, Central JALMA Institute, 
Agra. Others are expected to join and 
expand the trials with these preparations. 


In case the feed back from these studies is 
positive and that one or more strains of 
mycobacteria turn out to be similar as seen by 
the patient vis-a-vis M. leprae, we would 
have come nearer to the development of a 
potential vaccine based on atypical Mycobac- 
teria for control of leprosy. The advantages 
of using a cultivable mycobacterium will be 
the ease of its production on a mass scale and 
its relatively low cost. 
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TREATMENT OF LEPROSY 


S. B. ROY CHAUDHURY 


Leprosy has been traditionally considered 
as an incurable disease because no effective 
drug was available against it. A variety of 
remedies have been tried from time to time 
but none of them have proved to be really 
effective against leprosy. These have _iclu- 
ded preparations of metals like gold, anti- 
mony, arsenic and copper, vaccines prepared 
from other mycobacteria and biological prepa- 
rations like diphtheria toxoid. 


In the early years of this century hydno- 
carpus oil (or Chaulmoogra oil) was “redis- 
covered” by the physicians treating leprosy. 
This oil, obtained from the seeds of Hydno- 
carpus Wightina has been used for a long time 
by practitioners of Indian Systems of medi- 
cine against leprosy and practitioners of 
modern medicine found that, unlike all the 
other remedies tried earlier, this was effective 
against leprosy. Hydnocarpus oil was widely 
used as the standard remedy for leprosy during 
the 20s, 30s and 40s, but after the introduction 
of sulphone it has gone out of use because of 
the manifestly superior results obtained with 
sulphones. Hydnocarpus oil (with 4% 
creosote) or ethyl esters of the oil (with 4% 
creosote or 0.5% iodine) was used as injec- 
tions. These injections had to be given 
repeatedly for a number of years. Nowa- 
days hydnocarpus oil is occasionally used by 
some practitioners as intradermal injections 
to restore colour in hypopigmented areas. 
It is interesting to note that recently there have 
been some reports that hydnocarpus oil does 
prevent to some extent the multiplication of 
M. leprae in foot-pads of mice. 


SULPHONES 


Dapsone (4, 4-Diaminodiphenylsulphone ; 
DDS) was discovered in 1908 by chemists 
working on dyes, but at that time its biolo- 
gical properties were not appreciated. About 
thirty years later when other sulfonamides 
were being tested against bacterial infections 
with great success, dapsone was also tried in 
the laboratory and was also found to be a 
strong antibacterial agent. Unlike the other 
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sulphonamides, dapsone was found to be 
very effective against experimental tuber- 
culosis. But the drug was too toxic for 
human use when used in doses similar to those 
of other sulphonamides. Several derivatives 
of dapsone were then tested and some of them 
proved to be less toxic but equally effective. 
Promine, one such derivative of dapsone, was 
first tried on leprosy patients in U.S.A. by 
Faget in 1941 with encouraging results. 
From that date began a new era in the treat- 
ment of leprosy. Subsequently, other deri- 
vatives of dapsone like Diasone, Promacitin 
and Sulphetrone which could be given safely 
by oral route, replaced promine which was 
expensive and had to be given intravenously. 
After about seven years of successful use of 
these derivatives, dapsone was tried in similar 
doses in order to reduce the cost of treatment 
still further. Oily or aqueous suspension of 
this drug was used initially as injections and 
subsequently dapsone tablets were used 
orally. The drug was found to be effective, 
practically non-toxic and treatment was also 
very economical. All these qualities have 
made dapsone the most widely used drug in 
the treatment of leprosy today. However, 
the disubstitute derivatives, diasone and 
sulphetrone, continued to be used in the 
management of patients who showed frequent 
reactions and were intolerant to dapsone. 
Subsequent studies showed that these deri- 
vatives exerted their action because they got 
broken-down in the alimentary tract to dap- 


sone which was the parent chemical and 


patients with frequent reactions could tolerate 
these derivatives better than dapsone because 
only a very small quantity of the active sub- 
stance, dapsone, was liberated from them. 
Therefore there is now no need to use dapsone 
derivatives in the treatment of leprosy. 


Dapsone is effective whether given by mouth 
or by injections. The oral route is conve- 
nient as the treatment has to be continued for 
a number of years. Dapsone is absorbed 
almost totally from the gut when given orally 
and maximum blood concentration is reached 


in about 3 hours. By 24 hours the blood 
concentration comes down to half the maxi- 
mum level. Most of the drug is excreted in 
the urine, but small quantities are also found 
in the milk of the nursing mother. Dapsone 
is a bacteriostatic drug and it acts against 
M. leprae by interfering with the synthesis of 
folate compounds by competing with para- 
amino benzoic acid. Experimental studies 
have shown recently that dapsone has bacte- 
ricidal activity also. Results obtained in the 
experimental animal indicates that a daily 
dose of 1 mg. dapsone for an average adult 
should be enough to give minimum inhibitory 
concentration in blood. 


The World Health Organization Expert 
Committee on Leprosy in 1977 recommend a 
weekly maximum dose of 6 mg. to 10 mg. of 
dapsone per kg. body weight. The total 
weekly dose is to be given in the daily regimen, 
which means 50 to 100 mg. daily for an 
average adult and proportionally less for 
children. 


It was customary to start the treatment with 
small doses of the drug and build up the dose 
graudally to the maximum in 4 to 6 months. 
But recent observations indicate that the 
size of the dosage has no influence either in 
the precipitation or in the severity of reactions. 
On the contrary very low initial dosage, inter- 
ruption in therapy and low maintenance dose 
will only help in the emergence of dapsone 
resistant strain of M. leprae. Basing on these 
observations WHO Expert Committee in 1977 
recommend that dapsone must be given in 
full dose, from the beginning. 


Treatment should be continued without 
interruption in all types of leprosy till all clini- 
cal and bacteriological activity has subsided 
completely. Treatment should be continued 
with the same dose even after all clinical and 
bacteriological activity has subsided and the 
duration of treatment at this stage will vary 
according to the type of leprosy. In non- 
lepromatous leprosy treatment is continued in 
this manner for at least 14 years, in Indeter- 
minate type for at least 3 years and in Border- 
line and Lepromatous types for at least 10 
years, or preferably for the rest of the life of 
the patient. This kind of maintenance the- 
rapy is necessary because the disease may 
relapse if treatment is stopped earlier. 


In conventional doses, dapsone is not toxic. 
Sometimes haemolytic anaemia, hepatitis, 
nephritis or dermatitis may occur.. Large 


doses of dapsone may cause insomnia, psycho- 
sis or methaemogloginaemia. 


Experience of the last 35 years has shown 
that sulphone is a very useful drug in the 


therapy of leprosy. About 3 years of dap- 


sone therapy is adequate to cure an average 
non-lepromatous case and it takes about 5 
years to make a lepromatous patient non- 
infectious. 


Notwithstanding its proven benefit dapsone 
therapy has also certain limitations. Firstly, 
the rate of improvement slows down during 
the later stages of the treatment although 
initially the progress is quite rapid. Secondly 
certain percentage of lepromatous and near 
lepromatous cases show deterioration follow- 
ing an initial improvement under dapsone 
therapy. These cases were clinically suspec- 
ted to be sulphone resistant and this was 
proved to be correct in 1964 by Pettit and 
Rees who demonstrated uninhibited multi- 
plication of M. leprae, obtained from some of 
these cases, in the foot-pads of mice fed with 
dapsone. Subsequently workers from many 
parts of the world have reported the existence 
of sulphone resistant patients. These reports 
also suggest that the occurrence of sulphone 
resistance may be on the increase. Low dose 
of dapsone in the initial stages of treatment 
and iregular or interrupted treatment favour 
development of sulphone resistant leprosy. 
Thirdly, although dapsone has bactericidal 
effect, it is not possible to kill all the lepra 
bacilli in a patient‘s body with the use of this 
drug. Even after 10-12 years of therapy a 


very small number of bacilli can still be found 


in many lepromatous and near lepromatous 
patients. When treatment is stopped these 
bacilli multiply and in course of time cause 
relapse of the disease. These bacilli are not 
dapsone resistant but apparently they are able 
to persist without multiplication in spite of 
dapsone therapy. Because of this drawback 
dapsone therapy cannot be stopped and has 
to be continued indefinitely. 


It can be seen from the above that treatment 
of lepromatous and near lepromatous leprosy 
patients with sulphone alone is not the ideal 
one. But so far no single drug has been 
discovered to be free from limitations and 
dapsone still remains the drug of choice in 
Leprosy Control Programmes. But we may 
have to supplement dapsone therapy with 
other drugs in the treatment of leprosy in 
order to minimize the possibility of relapse. 


Acedapsone (4-4, Diacetyldiaminodiphenyl 
sulphone ; DADDS) is a recently introduced 
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repository sulphone available in oily suspen- 
sion. It is injected subcutaneously or intra- 
muscularly once in 75 days. The dose for an 
adult is 225 mg (1.5 ml) and for children under 
six years it is 150 mg (1 ml). In lepromatous 
patients improvement under DADDS therapy 
is reported to be comparable with that ob- 
tained with oral dapsone in conventional 
dosage. Although one injection of DADDS 
gives a constant blood level of DDS for 20 
months, the blood level obtained with one 
injection of 225 mg corresponds to the level 
obtained with a daily dose of only 2 mg of 
dapsone and treatment with such a small 
dose, it is feared, may lead to the emergence 
of resistant strains of M. leprae. Therefore, 
till we know more about the long term effects 
of this drug it is not recommended for routine 
use. 


LONG ACTING SULFONAMIDES 


Drugs like Sulfamonomethoxine, Sulforme- 
toxine, Sulfalene, Sulfadimethoxine have simi- 
lar actions against M. leprae as that of dap- 
sone. Some workers claim that these drugs 
are better than dapsone but others do not 
think so. Further, these drugs are expensive 
and are more toxic than dapsone. 


THIOUREA COMPOUNDS 


(i) Thiosemicarbazone: It is an _ anti- 
tubercular drug. Ryrie tried this drug in 
leprosy patients in 1950 and found it effective 
and several other workers have subsequently 
reported clinical and bacteriological improve- 
ment in all types of leprosy when treated with 
this drug. Some even reported complete 
restoration of sensation and regrowth of hair 
in affected areas along with the subsidence of 
the skin lesions. But the early improvement 
is not sustained in lepromatous leprosy and 
there is deterioration by the end of eighteen 
months of therapy, due to the development of 
bacterial resistance. The drug has been 
found to be useful in the treatment of patients 
intolerant to sulphone. In these patients, 
once the clinical condition is stabilised with 
thiasemicarbazone, it is possible to reintroduce 
sulphone in the therapy. The Madrid Con- 
gress in 1955 recommended this drug as an 
useful alternative for this group of patients. 


The drug is given by mouth, 100 to 150 mg 
per day as a single dose, or in two divided 
doses. Minor side-effects like nausea, ano- 
rexia, mild headache, slight weakness and 
slight fall in total count of WBC, RBC and 
Hb level may occur in some patients. But 
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these pass off when therapy is continued. 
Serious toxic effects like liver damage, drug 
fever and agranulocytosis are rare and are 
found in patients treated with large doses of 
this drug. Some workers have reported 
development of peripheral neuropathy in 
patients under long term thiosemicarbazone 
therapy. The drug should be discontinued in 
patients who develop such serious toxic effects. 


(ii) Thiambutosine (Ciba 1906) : The WHO 
Expert Committee on leprosy in 1970 recom- 
mended this drug as a second line drug in 
the therapy of leprosy. Like thiosemicarba- 
zone, thiambutosine is also a thiourea deri- 
vative. This drug is remarkable for its free- 
dom from any toxic side effects. It can be 
given orally or parenterally, the maximum 
oral dose being 2 G once a day. The paren- 
teral preparation is available as 20% suspen- 
sion in oil for intramuscular injection,—10 
ml (2 G) to be given as deep intramuscular 
injection once in a week or once in two weeks. 


Both the above derivatives of thiourea have 
only a bacteriostatic effect on M. leprae. 
Their modes of action are similar and M. 
leprae resistant to one will be resistant to the 
other compound also. Early emergence of 
strains of M. leprae resistant to either of these 
compounds is common. 


These drugs can be useful in the earlier 
phase of treatment of tuberculoid and border- 
line cases more prone to develop reactions, for 
reactions occur less frequently with these than 
with dapsone. These compounds can also 
be used with benefit in patients who are 
intolerant to sulphone. One of these drugs 
can be used as adjuvant in combined drug 
therapy. 


PARA-AMINOSALICYLIC ACID 


This drug has a _ bacteriostatic action 
against M. leprae. It has not been used much 
in the therapy of leprosy mainly because of 
high cost and it does not show any advantage 
over Other drugs. Recent studies on experi- 
mental infection indicate that PAS partially 
antagonises the antimycobacterial action of 
dapsone. This point may be kept in view 
while planning the treatment schedule for 
leprosy patients who also suffer from tuber- 
culosis. 


ISONICOTINIC 
(Isoniazd ; INH) 


This is a bacteriostatic drug and is effective 
against M. leprae. Though clinical improve- 
ment is found during early phase of therapy, 
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this is followed by deterioration by the end 
_ of six months of treatment because of emer- 
gence of resistant strains of M. leprae. There- 
fore this drug by itself is not suitable for 
treatment but it can be used with other drugs 
in combined drug therapy. Combining INH 
with dapsone has been reported to be bene- 
ficial in patients subject to chronic reactions. 


INH is given orally and the maximum dose 
is 200 mg per day. Occurrence of peripheral 
neuropathy has been reported in patients who 
have had INH for a long period. 


STREPTOMYCIN 


This drug can be an useful adjuvant in the 
routine therapy of leprosy with dapsone be- 
cause of its beneficial effect on the mucous 
membrane lesions and chronic sinuses of 
leprous lymphadenopathy. It is given as 
intramuscular injection, 0.5 to | g daily for a 
month or so. 


CLOFAZIMINE (B663 ; Lamprene-Geigy) 


Browne and Hogerzeil reported its anti- 
leprosy effect in 1962 and later in 1965, they 
also reported its usefulness in the treatment 
of lepra reaction. This information was 
received by leprologists all over the world 
with great relief, for, so far they have not had 
a drug having both anti-mycobacterial and 
anti-inflamatory properties ideally suitable for 
treating patients subject to frequent reactions. 


Clofazimine is a Rimino-phenazine dye 
available as dark red crystals. It is given 
orally and is absorbed slowly from the gastro- 
intestinal tract. Absorption is better when 
given as micro-cystals suspended in oil or wax 
and the drug is marketed as such in gelatin 
capsules. After absorption the drug is taken 
up by the reticulo-endothelial cells in all the 
organs and retained there in crystalline form. 
Excretion from these depots is slow, and it is 
excreted in the urine, sebum, sweat and also 
in the milk of the nursing mother. 


Clofazimine is a bacteriostatic drug which 
acts by interfering with the bacterial nucleic 
acid metabolism. Experimental study shows 
that the drug also possesses bactericidal 
property. The anti-bacterial action of 
clofazimine is equal to that of dapsone, but the 
drug is unique in the therapy of leprosy be- 
cause of its associated anti-inflammatory 
effect and so its usefulness as an anti-reaction 
drug. Patients treated with clofazimine do 
not usually develop severe reactions. 
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Under clofazimine therapy clinical improve- 
ment and improvement in bacteriological and 
morphological indices are comparable with 
that obtained with dapsone. According to a 
few workers there is quicker clinical and 
bacteriological improvement and _ striking 
improvement in neurological function in 
patients under clofazimine therapy. 


Clofazimine has both anti-leprosy and anti- 
reaction effects and so is the drug of choice in 
the management of patients having frequent 
reactions and have become corticosteroid 
dependent. Therapy in these patients is 
started with a high dosage of clofazimine, 
like 100 mg two to three times a day, which 
is continued for six to eight weeks and is then 
reduced to 100 mg daily for a period of 
another three months. In patients with 
moderate to severe reactions it will be neces- 
sary to introduce other quick acting anti- 
reaction drugs like steroids in the beginning 
of clofazimine therapy. These can be 
stopped later, after clofazimine starts to exert 
its anti-reaction effect, which takes about 
four to six weeks from the day of its introduc- 
tion. Once the patient‘s reaction is under 
control, dapsone can be reintroduced in the 
therapy under cover of clofazimine. Clofa- 
zimine can be withdrawn after a total period 
of five to six months, in most patients, without 
recurrence of reaction. If desired clofazimine 
may be continued as an antileprosy drug at 
the reduced dosage of 100 mg twice a week 
along with dapsone. 


The dosage schedule of clofazimine as an 
antileprosy drug has not yet been standar- 
dised. It is tentatively suggested that in the 
treatment of lepromatous and _ borderline 
cases the drug may be given as 100 mg daily 
for 6 months followed by 100 mg twice weekly 
for indefinite period. The drug is more com- 
monly used in the above dgsage schedule, 
along with routine dapsone therapy. Clofa- 
zimine has proved useful in the management 
of sulphone resistant cases. 


The greatest drawback of clofazimine 
therapy is the discolouration of skin and 
conjunctiva. The skin becomes reddish after 
clofazimine therapy and the colour gradually 
deepens to blackish-brown ; the skin also 
becomes dry and scaly (ichthyotic). These 
changes are more prominent in the areas of 
leprosy lesions than in the normal skin. 
Sometimes the patient complains of itching 
sensation. The oral mucosa, urine, stool and 
sweet also show red colouration. Serious 
complications like diarrhoea and_ gastro- 
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intestinal cramps have been observed occa- 
sionally in patients getting high doses of 
clofazimine. Clofazimine cannot be consi- 
dered for the routine treatment of leprosy 
because of its high cost and the side effects 
mentioned above. 


RIFAMPICIN (or Rifamycin RMP) 


The observation in 1972 by Shepard and his 
co-workers that no viable bacilli could be 
detected in the tissue of lepromatous patients 
within a few days of institution of refampicin 
therapy has made rifampicin the most promi- 
sing drug in the therapy of leprosy, because it 
can render even a highly infectious case non- 
infectious within few days. But it is now 
known that a few viable bacilli can exist in 
the tissues of patients who have had rifam- 
picin for even as long as five years. 


Rifampicin is a semi-synthetic derivative of 
Rifamycin-S.V. Peak blood level is reached 
in 2 hours after oral administration and 
bactericidal concentration is maintained for 
15 hours. The effective blood level is main- 
tained for few days after a high dose as the 
drug is excreted in the bile and gets re- 
absorbed from the gut. Studies in experi- 
mental infections show that the drug has a 
strong bactericidal activity dgainst M. leprae 
by inhibiting the synthesis of bacterial RNA. 
The drug is excreted mainly in the bile and 
urine. 


Clinical improvement becomes apparent in 
lepromatous cases under rifampicin therapy 
from the second week onwards, initially in 
the lesions of the mucous membrane, and by 
the end of three months all round improve- 
ment is achieved. A rapid fall in morpho- 
logical index in the skin smears is the most 
striking feature after rifampicin therapy. 
Morphological index falls to zero in skin 
smears and histological sections by the end 
of three to four weeks of treatment. 
Although the fall of MI is rapid, the fall in 
bacteriological index is not quicker than with 
dapsone. 


Because of its high cost rifampicin has been 
used so far in the treatment of sulphone resis- 
tant cases and in bacilliferous forms of 
leprosy either as a single drug or along with 
other drugs like dapsone and clofazimine. 
In the trials conducted by different workers, 
the dosage of rifampicin has varied from 
150 mg to 1200 mg and the treatment schedule 
has varied from single administration to daily 
or periodical administration of the drug upto 
a total period of 5 years. The results of these 
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studies confirm the findings of experimental 
work that rifampicin is a very effective anti- ~ 
leprosy drug. However, the optimal dose 
and the duration of therapy required for treat- 
ing a patient of leprosy are still to be deter- 
mined. 


Rifampicin is toxic to the liver and it may 
cause gastric disturbances like nausea, loss of 
appetite and vomiting. The serious toxic 
effects with rifampicin like thrombocytopenia, 
purpura, anuria and fever with arthralgia 
(‘Flue syndrome“) are rare. The serious 
toxic effects are due to formation of anti- 
bodies to rifampicin and were observed in 
tuberculosis patients who were intermittently 
given high doses of this drug. 


As indicated earlier rifampicin is an expen- 
sive drug and cannot be used as a routine 
drug for leprosy ; but the drug possesses 
strong bactericidal action and it will be a 
very useful adjuvant in the combined drug 
treatment of lepromatous and near leproma- 
matous patients. Rifampicin is available in 
the market as capsules of 150 mg and 300 mg. 


ETHAMBUTOL, ETHIONAMIDE _ and 
PROTHIONAMIDE 


These antitubercular drugs have come into 
prominence in recent years in the therapy of 
leprosy as these were found to be effective 
against M. leprae also. Moreover, in experi- 
mental infection they were found to poten- 
tiate the action of each other and exert 
additive effect on M. leprae when these were 
used along with dapsone, rifampicin or 
clofazimine. 


These drugs are recommended as useful 
adjuvants in combined drug therapy and they 
are not suitable for use as a single drug in the 
treatment of leprosy. 


COMBINED DRUG THERAPY 


The ideal drug for leprosy should be cap- 
able of producing quick and lasting clinical 
and bacteriological improvement, it should 
not induce reactions or other complications 


- and. after stopping treatment the disease 


should not relapse. No such drug exists. 
Therefore it is now felt that one should use a 
combination of drugs in the treatment of 
leprosy, especially in lepromatous and near 
lepromatous borderline cases, instead of rely- 
ing on one drug alone. This should help to 
destroy the bacilli more rapidly and more 
completely so that emergence of resistant 


strains of bacilli is avoided and relapse of 
‘leprosy is also prevented. Several drug 
combinations are being tried and promising 
results are being reported. This subject is 
dealt with in greater detail elsewhere in this 
volume. 


IMMUNOTHERAPY 


In lepromatous and near lepromatous 
leprosy the patient not only harbours an 
enormous number of bacilli but he also lacks 
immunity and because of this there is an 
unusual delay even in the elimination of dead 
bacilli from the patient’s body. As the 
immunological processes help in the destruc- 


tion of bacilli and their elimination it may be 
expected that an improvement in_ the 
immunological status will make chemo- 
therapy more effective in these patients. 
This is being tried now and some workers 
claim to have achieved transient lepromin 
positivity and quicker clinical, bacteriological 
and histopathological improvement in lepro- 
matous patients after transfusion of dialysable 
transfer factor or leucocytes from lepromin 
positive normal persons or from patients 
having tuberculoid type of leprosy. At pre- 
sent this type of treatment by attempting to 
change. the immunological state of the indi- 
vidual should be considered purely as 
experimental, 
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TREATMENT OF REACTIONS IN LEPROSY 


G. RAMU and C. G. S. IYER 


Introduction 


“Reactions” or Episodic exacerbation of 
lesions during the course of leprosy are en- 
countered in tuberculoid, borderline and 
lepromatous types of leprosy. Certain pro- 
vocative factors are known to precipitate 
reactive episodes, such as: (a) concomitant 
infections i.e. malaria, filaria, septic condi- 
tions, intestinal infections and worm infesta- 
tions (b) debility following acute illness like 
chicken-pox, small-pox, typhoid etc. (c) physi- 
cal, physiological and psychological stress 
(d) small-pox vaccination, TAB vaccination, 
tuberculin testing (e) excess of ‘hot food’ 
or alcohol (f) certain drugs especially injudi- 
cious and excessive antileprosy therapy, 
sulphonamides, potassium iodide, hetrazan 
etc. Certain salient clinical characteristics 
of these reactions are given below:— 


1. Acute exacerbation in the tuberculoid 
cases is characterised by pronounced 
increase in the redness and swelling of 
the lesions with increase in extent, 
oedema in and around the lesions and 
rarely ulceration in the lesions. Pain- 
ful swelling and tenderness of regional 
and cutaneous nerves is very often found 
and cold nerve abscesses may occur. 
Paralysis of muscle groups supplied by 
the involved nerve trunk are common. 


2. Reaction in borderline leprosy may vary 
from mild exacerbation of skin lesions 
to moderate forms with the appearance 
of numerous pleomorphic skin lesions, 
lesional oedema, oedema of hands 
and feet and to the severe forms with 
pronounced constitutional symptoms, 
neuritis, arthritis and rarely visceral 
involvement. Multiple paralytic defor- 
mities may be seen and there is a ten- 


dency to assume the lepromatous form 
in the BL cases. 


3. Reaction in lepromatous leprosy is 
characterised by pronounced constitu- 
tional symptoms, acute inflammation 
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of existing skin and mucous membrane 
lesions and occurrence of erythema 
nodosum leprosum, (ENL), subcu- 
taneous nodules, pemphigoid, pus- 
tulating and ulcerating lesions. Other 
manifestations include neuritis, arthritis, 
orchitis, renal and supra-renal involve- 
ment, iridocyclitis, lymphadenopathy, 
hepato-splenomegaly etc. Tendency to 
recurrent reaction is observed in 14% 
of cases in whom reaction occurs. 
(Ramu and Ramanujam, 1964). Lepra- 
reactions increase the morbidity of the 
disease and endangers life in a certain 
number of patients. Non-paralytic de- 
formities of the hands and feet occur 
from contractures resulting from deep 
seated inflammation under the skin as 
well as arthritis of small joints. 


The varied clinical manifestations of re- 
active states in leprosy are essentially ex- 
pressions of two types of immunological 
responses. 


Tuberculoid reaction represents an intense 
cellular hypersensitivity which is a major 
cause of nerve damage. 


Alterations in cellular immunity in the 
immunologically unstable Borderline Spec- 
trum may result in a condition with many 
features of tuberculoid reaction and asso- 
ciated with severe neuritis. This has been 
called an upgrading or reversal reaction. On 
the other hand there may be a depression of 
the cellular immunity with a shift to the 
lepromatous pole, termed as a down-grading 
reaction. 


The lesions of reactions in lepromatous 
leprosy arise due to deposition of immune 
complex (antigen, antibody and complement) 
at various sites. Such a deposition in the 
skin is manifested as ENL. 


Treatment of acute “Mild” reaction in lepro- 
matous leprosy 


This condition manifesting a few evanascent 
ENL and with a rise of temperature below 


100° F Calls for simple analgesic drugs like 
paracetamol 120 to 320 mg. twice a day 
or aspirin 300 mg. twice a day; the patient 
is advised to continue the specific antileprosy 
treatment and avocation. If the patient 
does not improve, he is put on an anti- 
malarial i.e. Chloroquin Sulphate 1 tablet 
twice a day. 


Acute reactions of moderate intensity 


The patient has a rise in temperature above 
100° F with inflammatory skin lesions over the 
extremites or trunk and face. 


General 


The patient is advised rest; painful condi- 
tion like arthritis, neuritis etc. are treated 
with aspirin or paracetmal. Anti-reaction 
drug, chloroquin phosphate e.g. resochin or 
avloclor is given in a dose of 1 tablet 3 times 
a day till the fever subsides and later 1 tablet 
twice a day for 2 weeks or till the inflammatory 
lesions subside. 


If in a week’s time the desired therapeutic 
response is not obtained the patient should 
be changed over to treatment with an anti- 
mony preparation. In a hospitalised patient, 
this treatment can be started straight away. 
PAT (Potassium Antimony Tartarate, a tri- 
valent compound) is administered by I.V. 
route in a dose of 0.02 gm. for 3 injections and 
later 0.04 gm. on alternate days for 3 more 
injections in the form of a freshly prepared 
2% solution in 10 ml. of normal saline or 
along with calcium gluconate 10%, 10 cc. 
Extravasation of the drug outside the vein 
causes inflammation and sometimmes necrosis. 
Under situations where PAT cannot be used 
e.g. lack of fresh solution, in children, and 
in the field, the trivalent compound (fantorin) 
may be used in a dose of 2 cc. intramuscularly 
of a 6% solution on alternate days for 6-10 
injections. 


Sodium Antimony gluconate (a pentavalent 
compound) available as stibatin, stibonate, 
or as such can be administered by the intra- 
muscular route every day in a dose of 3-6 cc, 
upto a total of 40-60 cc. To avoid hyper- 
sensitivity reactions to antimony an initial 
dose of 1 cc. is given followed by 2 cc, if 
no hypersensitivity reactions are detected. 


Dapsone Therapy 


The specific treatment may have to be 
halved or temporarily suspended if the reac- 
tion is not controlled. 


Acute ‘Severe’ Reaction 


In this form, the temperature rises above 
102° F and the inflammatory skin lesions 
are extensive possibly with pustulation. 
Management consists of :— 


(i) Complete rest in bed. 

(ii) Careful nursing. 
(iii) Suspension of antileprosy treatment. 
(iv) Reassurance. 


(v) Use of tranquilisers, antipyretics and 
analgesics. 


(vi) In the absence of anemia, renal in- 
volvement or low blood-pressure anti- 
monials may be considered as basic 
therapy as mentioned earlier. When 
the routine therapy fails,  corti- 
costeroids should be used. Corres- 
ponding dosage of prednisolone, tri- 
amcinolone, beta or dexamethasone 
is given once aday. An initial 20 mg. 
of predmsoline or the corresponding 
dose of any of the analogues is given. 
If response is poor, the dose may be 
increased by 10 mg. given as another 
dose. Where life is imperilled the 
initial dose should be large. In the 
once a day regimen, depression of the 
suprarenel is reported to be less 
likely. When a favourable effect is 
apparent the dose is tapered off gradu- 
ally by taking off one tablet in every 
4th or 5th day and continued even 
after there is amelioration of symp- 
toms for about a week. 


Pustulating & Ulcerating lesions 


For pustulating and ulcerating lesions the 
treatment has to be supplemented with anti- 
biotics, commonly penicillin or strepto-peni- 
cillin, even though pyogenic organisms have 
not been isolated from the lesions. Chlo- 
ramphenicol has an additional advantage of 
being immuno-suppressive. 


Recurrent lepra reaction or chronic reaction 


The basic measures consist of administra- 
tion of an antimalarial drug (Chloroquin) 
at first in adequate doses to control the re- 
action and later in the reaction suppressive 
dose of 1 tablet daily supplemented with INH 
100 mg. INH has some antileprosy activity 
and does not usually provoke reaction. 


besides 
ocular 


Chloroquin toxicity includes 
malaise, head-ache and vomiting, 
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complications like corneal opacities and some- 
times irreversible retinopathy and rarely 
neuromyopathy. Fortunately, corneal opaci- 
ties and retinopathies clear on suspension of 
treatment and neuromyopathies are known to 
occur if the treatment is continued for more 
than a year. When the patient is free from 
reactive episodes, dapsone is introduced in 
1 mg. dose once a week. At periods as judged 
by the patient’s response, commonly fort- 
nightly, the dose is administered on alternate 
days and still later daily. The dose 1s further 
increased after long stages to the maximum 
tolerated dose. It has been observed that 
even such small doses as 1 mg. to 5 mg. daily 
are definitely effective in improving the clinical 
condition and a concurrent fall in bacterio- 
logical status. However, the aim should be to 
increase the dose to adequate therapeutic 
doses and not to be complacent with the im- 
provement as recrudescence of activity of the 
disease has been seen in a few cases who had 
earlier registered stisfactory progress. 


Therapy of cases with recurrent pustulation 


In these cases, the use of a long acting 
sulphonamide eg. sulphadimethoxine (Madri- 
bon) administered in a dose of 0.5 gm. daily 
has been found to be of value in controlling 
and preventing the recurrence of pustulating 
skin lessions. This has also been of some 
benefit in reducing the attacks of arthritis. 
The rationale behind the use of antibiotics 
or sulphonamide is that these lesions seem to 
be monitored by a focus of streptococcal 
infection somewhere in the body since in a 
certain percentage of cases antisterptolysin 
titres are found to be high. 


Therapy of cases with repeated steroid depen- 
dant lepra reaction 


In these cases the introduction of Thali- 
domide and Clofazimine has considerably 
altered the prognosis. Both Thalidomide 
and Clofazimine in a dose of 300 mg. daily 
are useful in dealing with recurrent lepra re- 
action. While Clofazimine therapy generally 
takes 6-12 weeks to control the reactive state, 
Thalidomide does so in a much shorter time 
(Iyer and Ramu, 1976). Both the drugs 
possess the property of not only controlling 
the occurrence of reaction but also enables 
the weaning of patients from steroid depen- 
dence and increase their sulphone tolerance. 


The therapy with these drugs consists of 
two parts: The first part consist of giving a 
dose of 300 mg. of either of the drug till the 
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reactive states are completely controlled; i.e. 
6-12 weeks with Clofazimine and 3-5 weeks 
with Thalidomide. During this time the dose 
of steroid is tapered off and the drug stopped 
finally. During the second part DDS treat- 
ment is inducted and built upto optimum 
levels, the dose of Thalidomide and Clofazi- 
mine is gradually reduced till the patient is 
on a maintenance dose of 50 mg. of Thali- 
domide or 100 mg. of Clofazimine on alternate 
days. 


In trials conducted in Chinglepet, Clofazi- 
mine was found to confer fairly lasting free- 
dom from reaction after stopping the drug 
after a year. Cases on Thalidomide on the 
other hand relapsed into the reacting state 
soon after stopping the drug. A maintenance 
dose of Thalidomide has therefore to be 
continued till bacterial negativity has been 
achieved. (Hastings at al 1970). 


Drawbacks of Thalidomide Therapy 


Thalidomide, a cyclic imide (N-Pthalidimi- 
doglutarimide) was accidentally discovered to 
have reaction suppressing properties by 
Sheskin (1965). The therapeutic efficacy of 
thalidomide as an antireactive drug has been 
reported by several workers and in a W.H.O. 
co-ordinated trial (Iyer at et 1971). But it 
has to be emphasised that the control of 
severe reaction is not as efficient as with cor- 
ticosteroids and therefore it cannot replace 
steroid in severe reaction. 


2. While drowsiness, loss of appetite, 
asthenia, loss of erection, dryness of nasal and 
oral mucosae and bradycardia are minor side- 
effects of the initially big doses, its em- 
bryotoxic properties prohibits its use in women 
in the child bearing age. 


3. Thalidomide neuropathy is a known 
toxic effect (Crawford, 1969) through not 
reported often. 


4. Rebound phenomenon on stopping the 
treatment in recurrent reactional cases is 
as common with Thalidomide as with corti- 
costeroids. 


All these however do not detract its use in 
recurrent reactions in sulphone intolerant, 
steroid dependent cases. 


Side effects of Clofazimine therapy 


The use of Clofazimine, a riminophenazine 
drug first reported by Browne (1965) combines 
anti-inflammatory properties (Vischer, 1969) 


with bacterio-static effect on M. 


(Shepard, 1969). 


Though the drug exerts a definite control 
on reaction yet its action is slow: therefore 
in acute painful manifestations cortico-steroids 
have to be used in combination with it to get 
over the acute phase. 


leprae 


While the tendency to recurrence of re- 
action is reduced after prolonged therapy due 
to depots of the drug being built up in the 
tissues, red and black pigmentation and 
ichthyosis are common side effects. Gastro- 
intestinal disturbances may be particularly 
severe sometimes simulating acute abdomen. 
Female patients seem to tolerate the drug 
rather poorly. A lower dose of the drug in 
women, hydration therapy followed by 
application of vaseline or lanolin for ichthyosis 
are advised. Isonicotinic Acid hydrazide 
100 to 200 mg. daily appears to favour mobili- 
zation of tissue Clafazimine and minimise 
side effects (Ramu and Iyer, 1976). 


Thalidomide and Clofazimine are useful in 
dealing with immune complex induced re- 
actions eg. lepra reaction and are not of value 
in cell mediated reactions. 


Treatment of certain manifestation of lepra 
reaction: Treatment of acute painful neuritis 


In addition to the treatment of reaction, 
local application of heat in the form of hot 
compresses or diathermy, simple warmth by 
warm wrapping and splinting the part with 


the nerve in the relaxed position helps in ~ 


alleviating the pain; cooling of the skin over 
the painful stretch of involved nerve by spray- 
ing ethyl chloride relieves the pain and can be 
repeated two or three times daily. Perineural 
injection of novocain and a_ vasolidator 
drug eg. 4 ml. of novocain and 2 ml. of isox- 
uprine hydrochloride (duvadilan) or tolazoline 
hydrochloride (priscol) is found to relieve 
this distressing condition. Nicotinic acid 
100-250 mg. twice a day after food adminis- 
tered routinely is useful in cases prone to 
develop neuritis. Injections of vitamins B12, 
Bl, and B6 have been routinely employed 
empirically. As inflammatory oedema may 
be the cause of pressure on nerve fibres and 
consequent pain; acetzolamide or a thiazide 
compound given as a single dose in the mor- 
ning is of benefit. In acute nerve palsies, 
the limb is splinted in the functional position 
followed by exercises. In multiple painful 
neuritis recourse has to be taken to cortios- 
teroid therapy; in steroid dependent recurrent 
reactions where the predominent manifestation 


is painful neuritis thalidomide is of decided 
value. 


Acute Eye Manifestation 


A red painful eye in lepra reaction suggests 
ENL in the bulbar conjunctiva, sclertis, and/or 
iridocyclitis. Patient should have an eye 
shade, boric fomentations and the pupil kept 
dilated with 1% atropine drops or ointment. 
Intra-ocular tension should be tested and if 
found high, diamox should be used. Steroid 
therapy is indicated in iridocyclitis when the 
vision is imperilled. The use of non-steroid 
anti-inflammatory drugs like phanylbutazone, 
oxyphenazone or indomethacin gives grati- 
fying results. 


Arthritis and periostitis 


In addition to therapy of reaction applica- 
tion of local counter irritant in the form of 
ichthyol glycerine paint and wrapping the 
joints with a layer of cotton wool gives 
some relief. Short wave diathermy is useful. 
Non-steroid anti-inflammatory drugs eg. 
aspirin, phenylbutazone and indomethacin 
might be of use. Cases with recurrent arthritis 
become steroid dependent; while Thalidomide 
might be of use in some cases, results are not 
uniformly good. 


Orchitis 


Painful orchitis needs to be treated with 
local warmth and application of 10% ichthyol 
glycerine. Repeated orchitis can lead to 
gross destruction of testes and contributes to 
the development of gynaecomastia. Anti- 
reaction treatment has to be prompt and effi- 


cient. 


Reaction hand 


Deep seated inflammation in the cutis during 
the acute phases of lepra reaction gives rise 
to a painful swelling of the hands (Ramu 
and Ramanujam, 1964). During this phase, 
treatment consists of splinting the hand in 
the functional position and keeping the limb 
elevated and the use of a thiazide diuretic. 
Following on the heels of ‘recurrent’ attacks 
of ‘reaction hand’, contractures develop, 
the skin becomes thick, fibrotic, inelastic and 
pulls the fingers in different directions to 
produce a bizarre deformity (Ramu and 
Ramanujam, 1964). In early contractures 
injection of a depot corticosteroid along with 
hyalase locally twice a week accompanied with 
physiotherapy may be of help (Ramu, 1967). 


Renal involvement 


Oliguria, soft pitting oedema, albuminuria 
and microscopic or macroscopic haematuria 
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characterise the renal complication of lepra 
reaction. Patients should preferably be hos- 
pitalised for providing rest and nursing, the 
fluid intake and urine output measured and 
fluid intake adjusted accordingly. Adequate 
quantity of glucose, bread, milk and fruits 
should be given. Antimonials must be 
avoided, antileprosy treatment stopped and 
prompt steroid therapy instituted. 


Supra renal involvement 


Insufficiency of the supra-renals may 
suddenly occur during reactive states in lepro- 


matous leprosy. This is characterised by a 


profound fall in temperature and blood pres- 
sure below basal levels with dehydration, 
hypoglycaemia and increased serum potassium 
levels. This condition calls for prompt treat- 
ment with adequate quantity of glucose and 
normal saline upto 5% of total body weight 
in 24 hrs., i.v. injections of hydrocortisone 
hemisuccinate 100 mg. may be followed by 
intramuscular hydrocortisone hemisuccinate 
25 mg. every 8 hrs. Following recovery oral 
corticosteriod therapy in adequate doses is 
given and gradually tapered off. 


Management of Borderline reaction 


The reactive state in borderline leprosy may 
be very severe in a certain number of patients. 
There may be considerable oedema in the 
lesions and extremities, multiple nerves may be 
acutely swollen and painful with impending 
paralysis. While the drug treatment of mild 
reaction with antimalarials and antiomonials 
is adequate, in severe reactions with multiple 
neuritis and impending paralysis, cortico- 
steroid therapy is mandatory to avoid crippling 
deformities. 


Diuretics (Thiazide) are useful to eliminate 
the oedema fluid from the lesions, the limbs, 
as well as from the nerves. 


_ Another indication for the use of steriods 
is a tendency to ulcerate or ulceration of 
lesions. Antibiotics should be used to prevent 
superposed secondary infection. 


Splinting of paralysed limbs is necessary 


along with supportive treatment with vitamin 
and proteins. 


In cases with extensive ulceration the patient 
should be treated on the lines of treatment for 
extensive burns i.e. covering the lesions with 


Sterile dressing, adequate nutrition, proper 
nursing etc. 
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Thalidomide is of no value in borderline 
reaction (Sheskin, 1968). Clofazimine also 
has not been found to be of particular value. 
On the other hand, it has been found to aggra- 
vate the reacting condition in a case of border- 
line reaction till the patient chose to dis- 
continue the treatment and got better. 


Tuberculoid reaction 


Though tuberculoid reaction is not a 
serious condition, a reaction of lesion over 
the face might cause a good deal of discomfort 
on account of the oedema leading to closure 
of eyelids. In some cases ulceration occurs. 
Severe painful neuritis of nerve in the region 
of the reacting lesions might result in para- 
lysis. In tuberculoid reaction and reaction 
in borderline leprosy near the tuberculoid end, 
nonsteroid anti-inflammatory drugs. eg. 
phenylbutazone and indocid are very bene- 
ficial when given in adequate doses. Injec- 
tions of a vasodilator drug along with hydro- 
cortisone, novocain and hyalase give gratifying 
results in severe painful neuritis; only rarely 
is systemic steroid therapy indicated. Nerve 
abcesses which form in the wake of tuber- 
culoid or borderline tuberculoid reaction do 
not usually require drainage. 


Antileprosy therapy in both borderline 
reaction as well as in tuberculoid reaction 
may be preferably begun with CIBA, 1906 
or thiacetazone one tablet daily increased 
by one tablet fortnightly to 3 (i.e. 150 mg). 
When the signs of the reaction completely 
subside dapsone therapy can be commenced. 


Treatment of intercurrent infection and 
attention to or elimination of any other 
provocative factor responsible for the reaction 
in the individual patient is called for. The 
dose of DDS should be individualised to the 
maximum which is tolerated by the patient. 
After a long reactionless period (eg. 1 year) 
the dose may be increased. 


SUMMARY 


1. The treatment of cases of mild and 
moderate intensity could be ambulatory, 
whereas cases of severe lepra and borderline 
reactions have to be hospitalised. 


2. Reduction, temporary suspension or 
continuation of specific antileprosy treatment, 
likewise depends upon the severity of the re- 
action. 


3. The basic antireaction therapy is either 
antimalarials or antimonials; cortiosteroid 


therapy is indicated in life-threatening, poten- 
tially paralysing and blinding manifestations 
or where the basic therapy fails. 


4. Thalidomide is very useful in steroid- 
dependent recurrent, sulphone intolerant 
patients, its use being confined to males. 


5. Clofazimine is useful under the same 
conditions but the dose will have to be ad- 
justed carefully, particularly in females. 


6. Gradual induction of specific anti- 
leprosy therapy following the control of 
reaction and a gradual increase to adequate 
therapeutic dose is necessary. 


7. Treatment for the relief of pain with 
analgesics and tranquilisers and reassurance 
for mental stress are part of the therapeutic 
regimen. 


and elimination of the provocative factors in 
recurrent reactions help in reducing the fre- 
quency and severity of the reactions. 


(The recommendation to reduce the dose, 
or withdraw DDS during reactional episodes 
as made in this article might have helped 
development of DDS resistance in M. leprae 
and is strongly opposed by clinical scientists 
as will have been evident from other articles 
in the volume. This is a serious dilemma 
for the field medical and paramedical workers 
who often don’t have even the most basic 
reaction combating drugs at his disposal, 
and consequently is forced to suspend treat- 
ment to prevent further worsening ofi crippling 
neuritis, iridocyclitis, and such other com- 
plications. Obviously, only a full apprecia- 
tion of this plight of, and sympathy for, the 
leprosy field workers on the part of the 


8. Careful nursing and maintenance of Governments can help the _ situation — 
general health are called for. Investigation Editor.) 
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MULTIPLE DRUG THERAPY IN LEPROSY 


A. B. A. KARAT 


The introduction of Sulphones in the 1940’s 
as specific antileprosy therapy brought in an 
era of euphoria coupled with uncritical 
enthusiasm for the prospect of curing, eradica- 
ting, controlling and preventing leprosy 
round the World. Certainly on the then 
available clinical and bacteriological data, 
this phase of optimism was probably justified 
since it came in the wake of the Chaulmoogra 
era, when despite prolonged continuous pain- 
ful courses of injections of Chaulmoogra oil, 
one saw relentless progress of the disease in 
the majority of patients with multi-bacillary 
disease (borderline lepromatous and lepro- 
matous leprosy) and the Clinician stood by 
the patient watching this steady deterioration 
in the patient’s condition, finding himself 
therapeutically completely impotent to alter 
the course of the disease. 


This was also the era when Penicillin super- 
ceded the sulphonamides with dramatic 
results in patients critically ill with bacterial 
infections. Whereas treatment with Peni- 
cillin was started with extremely small doses, 
e.g. 20,000 units 3-4 times a day, Sulphone 
treatment for leprosy was started with large 
‘doses (e.g. Promin). This accident in thera- 
peutic adventure was to a large extent a for- 
tunate one for patients with leprosy. Unlike 
the bacteria that were initially sensitive to 
extremely small doses of Penicillin and which 
later rapidly developed tolerance and resis- 
tance to Penicillin necessitating adminstra- 
tion of millions of units of Penicillin today, 
M. leprae’ were exposed to very large doses 
of Sulphones (of the order of 1 G. a day) 
in the early days of Sulphone therapy—doses 
far in excess of the minimum inhibitory 
concentration of the drug against M. leprae. 
Even when Dapsone (D.D.S.) superceded 
the earlier Sulphones, patients were put on 
600-700 mg. of Dapsone per week which 
provided at least 100-fold the minimum 
inhibitory plasma concentration of the active 
compound. It is this high dose therapy with 
Sulphones that delayed the emergence of 
resistant strains of M. leprae. It took 25 years 
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of treatment with Sulphones before the 
resistant strains of M. leprae emerged. 
NO OTHER CURRENTLY KNOWN 
ANTIBACTERIAL AGENT HAS A COM- 
PARABLE RECORD IN TERMS OF 
THERAPEUTIC EFFICACY. 


The second major factor in delaying and 
minimising the emergence of Dapsone resis- 
tant M. leprae was the regular daily doses of 
Dapsone then in vogue. This daily dose 
regime maintained a fairly high and constant 
level of plasma dapsone throughout the 
period of treatment, further reducing the 
chances of development of drug resistance. 


The introduction of ‘‘low-dose’’? Dapsone 
treatment in the 1960’s following the observa- 
tion that minimal inhibitory concentration 
of Sulphones in the mouse foot-pad system 
was only of the order of 0.003 ug/ml., led to 
widespread enthusiastic usage of low-dose 
Dapsone therapy for leprosy patients. It 
was also becoming obvious that in many 
centres, patients were given intermittent 
Dapsone therapy for leprosy, e.g. weekly and 
twice weekly doses since these were thought 
to be adequate to maintain plasma levels 
about the M.I.C. determined on the mouse 
foot-pad model. Another reason for inter- 
ruption of Dapsone therapy was the belief 
that Dapsone itself was responsible for 
recurrent or chronic reactions in lepromatous 
leprosy and hence the logical therapeutic 
manoeuvre was to stop Dapsone till the 
reaction settled down—which took anything 
from two weeks to several months or years. 
Once the patient was free of reactions, it was 
recommended that Dapsone therapy be 
initiated cautiously with 1 to 5 mg. adminis- 
tered either daily or once a week. I myself 
have been guilty of this practice in the early 
sixties. There could be no more favourable, 
clinical setting for the development of Dapsone 
resistance. It was further observed that 
after one to three years of fairly regular 
treatment, patient compliance for treatment 


was falling off, especially in those with clinical 
regression of lesions. 


One was also lulled into a false sense of 
security by the widespread acceptance of 
morphological index of the leprosy bacillus 
as an infallibly reliable indicator of the 
viability of M. leprae. In centres where 
progress of patients while on low-dose and 
intermittent Dapsone therapy regimes was 
monitored using morphological index (M.I.) 
as the main criterion of adequate control of 
disease, one failed to recognise the early 
phase of development of resistant strains of 
M. leprae. As far back as 1967, we drew 
attention to the fact that on 5 and 10 mg. 
of Dapsone a day, there was a perceptible rise 
in the total bacterial load as judged by 
bacterial index, often with concurrent clinical 
deterioration of the patient at about 
30-36 months from initiation of treatment, 
though at this time there was no significant 
change in the morphological index of the 
bacilli which remained at zero. It is for this 
reason that the author abandoned further 
trials with low-dose Dapsone and intermittent 
Dapsone therapy nearly ten years ago. 
It appears to me that the clock has gone the 
full circle from the period when it was thought 
to be very scientific to treat multi-bacillary 
leprosy with homeopathically small doses 
of Dapsone, to the present view that such a 
policy leads to disastrous consequences in 
terms of emergence of bacterial resistance to 
Dapsone. 


It is worth stating another obvious 
fact—there is no comparable bacterial disease 
in man to leprosy where there is such a vast 
abundance of organisms and massive bacterial 
load in the human body. Compared to 
this bacterial load in man, the bacterial 
load in the mouse foot-pad models pales to 
insignificance and, therefore, direct extra- 
polation of data regarding therapeutic efficacy 
of the so-called minimal inhibitory concen- 
trations of Dapsone in the mouse foot-pad 
are not strictly applicable to the human. 
Similarly, the extrapolation of the significance 
of morphological index in the mouse foot- 
pad to the human situation is also equally 
fallacious. I have not been able to corro- 
borate this alleged consistent relationship 
between M.I. and the viability of M. leprae 
in the human. 


Thus the introduction of low-dose Dapsone 
therapy and intermittent treatment with 
Dapsone for any reason, were the major 


catastrophic trends that directly contributed 
to the upsurge of resistant strains of M. leprae. 


Practically all the lepromatous leprosy 
patients reported to have developed secon- 
dary resistance to Dapsone—whether from 
Malaysia, Ethiopia, India or Carville—belong 
to ,the latter two therapeutic regimes. 
I AM UNAWARE OF A SINGLE WELL 
DOCUMENTED CASE OF RESISTANCE 
OF M. LEPRAE TO DAPSONE HAVING 
OCCURRED IN A PATIENT KNOWN 
TO HAVE BEEN ON REGULAR DAILY 
DOSES OF 100 mg. OF DAPSONE. 


Therefore, the first requisite for effective 
treatment and control of leprosy is not the 
prescription of expensive polydrug therapy, 
but the re-introduction of “large” dose 
Dapsone daily, e.g. 100 mg. daily on a global 
scale. It should become malpractice for 
anyone to treat multi-bacillary leprosy with 
either intermittent or low-dose Dapsone. 
For this reason, Acedapsone must be 
withdrawn from the market before “epi- 
demics’’ of resistant strains emerge. THERE 
IS AT PRESENT NO DRUG AGAINT 
M. LEPRAE THAT CAN CHALLENGE 
THE THERAPEUTIC SUPREMACY OF 
DAPSONE IN TERMS OF EFFEC- 
TIVENESS OF TREATMENT, LOW 
INCIDENCE OF SIDE EFFECTS AND 
LOW COST OF TREATMENT. 


Whatever the reasons for the emergence of 
resistant strains of M. leprae, at present it is a 
fact that resistant strains of M. leprae are 


emerging at an ever increasing pace and 


pose a threat both to individual patient 
management and to epidemiological control 
of the disease. In this context, the com- 
parison of M. leprae to M. tuberculosis is 
of limited value since the bacterial load in 
tuberculosis of any kind is relatively negligible 
compared to the bacterial load of M. leprae 
in multibacillary types of leprosy and because 
M. tuberculosis is rapidly killed and eliminated 
from the human body, normally between 12 
and 24 weeks. However, the comparison is 
helpful between these two mycobacterial 
diseases in emphasising the need for and the 
advantages of multiple drug therapy in the 
control, cure, eradication and prevention of 
the disease. 


The most important aspect of using multiple 
drug therapy with striking advantage, is in the 
reduction of the incidence of emergence of 
drug resistant bacilli directly attributable to 
the therapeutic policy of monotherapy to 
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insignificant proportions. The efficacy of 
such combined treatment is based on firm 
bacteriological considerations and is extremely 
relevant to the development of a therapeutic 
policy in the management of leprosy. 


On general principles, it is obvious that drug 
resistance tends to result from the presence 
of a very small proportion of organisms in a 
given bacterial population that are resistant 
to a given drug and with the passage of time, 
these multiply sufficiently to re-populate the 
patient entirely with the resistant strain. This 
very small proportion of resistant organisms 
hardly ever exceeds | in a million (10-°). 
It would appear, therefore, that one would 
need to ensure that not only is one giving more 
than one specific drug, each with differing 
mode of action against the organism, but 
also that one has adequate concentrations of 
each drug in the tissue to be active against 
the micro-organism. 


It is also imperative that the choice of the 
combination of multiple drugs must recognise 
the existence of cross resistance between drugs 
of similar chemical structure and mode of 
action and, therefore, avoid combinations 
which are likely to result in the emergence 
of resistant strains more quickly and easily. 
The available antileprosy drugs of proven 
value could be grouped as follows, and it is 
suggested that only one drug from each 
group should be used in any combined drug 
therapy regime :— 


1. Sulphones: 
Dapsone 
Acedapsone 
Long-acting sulphonamides (Fanasil, 
Lederkyn, etc.). 
2. Thioureas: 


Thiambutazone (Ciba 1906) 


Thiacetazone 
TB,) 


(Thiosemicarbazone, 


Rifampicin. 
Clofazimine (B663) 
Streptomycin 


Isonicotinic Acid Hydrazide (INAH) 


wh DY, chee era 


? Chaulmoogra. 
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Before discussing possible combination of 
drugs, it may not be out of place to elaborate 
the economics of polytherapy in leprosy 
since the vast majority of sufferers from 
leprosy live in poorer countries with limited 
financial resources for health care. Under 
such circumstances, practical considerations 
of financial outlay must be balanced with the 
ideal therapeutic policy based purely on 
theoretical considerations of bacteriological, 
therapeutic and epidemiological significance. 
It must be mentioned at the very outset, there- 
fore, that the two main recent introductions 
to the therapeutic armamentarium against 
leprosy, namely Rifampicin and Clofazimine, 
are both expensive drugs and, therefore, 
beyond the reach of 99% of leprosy patients. 
Clofazimine unfortunately has the additional 
disadvantage of producing a striking dis- 
colouration of the patient’s skin following 
exposure to treatment for more than a few 
days. These two drugs may, therefore, have 
a particular place in the overall management 
of patients with leprosy under very special 
circumstances. It is also worth noting that, 
in countries like India, where a significant 
proportion of patients with multi-bacillary 
types of leprosy also have concurrently 
M. tuberculosis infection, Thiacetazone and 
I.N.A.H. have long been used concurrently 
with Dapsone with significant improvement 
in both tuberculosis and leprosy. Since 
many thousands of such patients have already 
been exposed to this combination of drugs, 
which incidentally is perhaps the most 
inexpensive combination currently available 
for management of leprosy, it would seem 
logical to suggest this as the first line of 
combination therapy in leprosy. One or 
two hazards may be mentioned in passing. 
First the occurrence of exfoliative dermatitis 
in patients exposed to Thiosemicarbazone 
(Thiacetazone) and of peripheral neuropathy 
in patients on I.N.A.H. Both these complica- 
tions, as a rule, tend to appear during the 
first 12 weeks of treatment and it is, therefore, 
essential that patients started on this combina- 
tion of drugs are screened frequently during 
the first 12 weeks of treatment and given 
specific instructions to stop the drugs straight- 
away at the first appearance of symptoms of 
these complications and to report to the base 
hospital for further treatment. 


The following permutations and combina- 
tions of drugs are suggested based on 
theoretical considerations. None of these 
regimens have been subjected to long-term 
trial in lepromatous leprosy. 


Dapsone 100 mg. 
Thiacetazone 150 mg. 
I.N.A.H. 300 mg. 


Dapsone 50 mg. 
Thiacetazone 150 mg. 


Dapsone 100 mg. 
Thiambutazone 1 Gm. (Ciba 1906) 


Dapsone 100 mg. 
Thiambutazone i Gm. 
I.N.A.H. 300 mg. 


Dapsone 100 mg. 
I.N.A.H. 300 mg. 
I.M. injection of 
Streptomycin 1 Gm. 


Dapsone 100 mg. 
Thiacetazone 150 mg. 
I.N.A.H. 300 mg. 


Dapsone 100 mg. 
Clofazimine 100 mg. 


Dapsone 100 mg. 
Thiacetazone 150 mg. 


Rifampicin 600 mg. 
Dapsone 100 mg. 


Dapsone 100 mg. 
I.N.A.H. 300 mg. 
Thiambutazone 1 Gm. 


Rifampicin 600 mg. 
Clofazimine 100 mg. 
Dapsone 50 mg. 


in a single daily dose for at least five years or until 
such time as the patient becomes bacteriologically 
negative on three consecutive monthly examina- 
tions and then to follow with :— 


daily indefinitely, (certainly for a period of not less 
than 20 years). It is imperative that all drugs must 
be administered together every day. 


daily. Again, the two drugs to be given together 
in a single dose. 


daily in a single dose. 


daily for 60-90 days. 


To be followed by :— 


daily until the skin smear is negative on three conse- 
cutive occasions when the Dapsone could be reduced 
to 50 mg. daily, Thiacetazone 150 mg. daily. The 
I.N.A.H. could perhaps be discontinued at this stage. 


This regime is specially useful in lepromatous leprosy 
complicated by tuberculosis, severe nasal, laryngeal 
involvement in lepromatous leprosy as well as in 
nodular and ulcerated, highly positive lepromatous 
leprosy. 

daily for one year. 

Followed by :— 


daily indefinitely. 


daily for one year. 
Followed by :— 


daily until the patient is bacteriologically negative on 
three consecutive occasions and maintained on Dap- 
sone 50 mg. daily, Thiambutazone 1 G. daily. 


For reasons already explained, intermittent regimens 
with Rifampicin should be discouraged despite 
financial considerations. 


daily, until the patient is bacteriologically negative 
and maintain on :— 
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Dapsone 50 mg. — 
Clofazimine 100 mg. —- 


8. Long-acting Sulphonamide 1 Gm. — daily. 


9. Long-acting Sulphonamide 1 Gm. — 


daily indefinitely. 


Clofazimine 100 mg. — daily for one year. 


Followed by :— 


Long-acting Sulphonamide 1 Gm. — 


Thiambutazone | Gm. — daily indefinitely. 


It is thus apparent that one has a wide 
choice of therapeutic regimes available and 
the choice may be primarily dependent on the 
economic situation of the particular patient. 
There is advantage in choosing combinations 
that contain Clofazimine for treatment of 
patients with a tendency to reactions since 
suppression of reactions appears to be one of 
the most outstanding advantages of Clofa- 
zamine treatment. By the same token patients 
with a tendency for recurrent acute neuri- 
tis may be better treated with combinations 
containing long-acting Sulphonamides or 
Clofazimine since both seem effective in 
controlling these acute episodes of neuritis. 
It may also be worth adding Pyridoxin 10 mg. 
daily for all therapeutic regimens that contain 
I.N.A.H. This would markedly reduce the 
chances of the development of peripheral 
neuropathy in such patients as a side-effect of 
I.N.A.H. 


SUMMARY : 


The most effective measure against wides- 
spread emergence of Dapsone resistant M. 
Leprae is the regular daily administration of 
“large doses” of Dapsone (e.g. 50 to 100 mg.) 
orally. It is also the most economic way of 
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controlling leprosy. In the highly bacillated 
types of leprosy, multiple drug therapy will 
further reduce the incidence of occurrence of 
resistant strains of M. Leprae. Whatever 
polytherapy is adopted, it is essential to ensure 
that firstly one is using combination of drugs 
that has different chemical structure and 
pharmacological action. Secondly, the indi- 
vidual drugs must be used in adequate daily 
dosage and intermittent treatment must be 
avoided at all costs. 


On economic grounds and ease of adminis- 
tration, wherever practicable Dapsone 50 to 
100 mg. daily, Thiacetazone (Thiosemi- 
carbazone) 150 mg. daily and I.N.A.H. 
300 mg. daily is probably the best combina- 
tion, along with Pyridoxin 10 mg. t.d.s. In 
highly bacillated patients with nasal and/or 
laryngeal involvement, combination of 
Dapsone 100 mg. daily with I.N.A.H. 300 mg. 
and I.M. Streptomycin 1.0 Gm. daily for 4 to 
12 weeks is recommended. If money is no 
object, such patients could be treated equally 
well with combination of Dapsone and 
Rifampicin. In patients at risk with 
recurrent/chronic lepra reaction, combination 
of Dapsone with Clofazimine is probably the 
first choice. 


ROLE OF PHYSIOTHERAPY IN THE TREATMENT 
OF LEPROSY 


A. J. SELVAPANDIAN 


Effective application of newer methods of 
physical medicine comprising all the compo- 
nent disciplines of rehabilitation has opened 
the way to a fuller life for the leprosy patients. 


The skills of the rehabilitation team—consis- 
ting of the surgeons, nurses, physical thera- 
pists, occupational therapists, social workers, 
para-medical workers and other trained 
personnel are integrated as a single force 
to assist the leprosy patient to reach his 
physical, emotional, social and vocational 
potentials to the maximum. 


For the effective implementation of all the 
various disciplines of rehabilitation, faci- 
lities and personnel should be available with- 
out much difficulty. Very often even the 
uncomplicated cases receiving medical treat- 
ment will need advice and other treatment 
from one or more of the rehabilitation team. 


Deformity in leprosy is considered to be 
the main obstacle in the total rehabilitation of 
the leprosy patients. The numerous compli- 
cations which occur in the extremities and 
occasionally in the face and in the eyes as 
ulcerations, gross destruction of bone and 
joint and loss of limbs are preventable, if 
adequate early measures are undertaken. 
The immense value of preventing such com- 
plications with simple measures is now well 
recognized. The paralysis of the peripheral 
nerves gives rise to loss of motor, sensory and 
vasomotor functions. Though the motor 
loss is compensated by muscle balance surgi- 
cal operations, the residual loss of sensory 
and vasomotor functions has been respon- 
sible for most of the disabilities and compli- 
cations. , 


Among the available aids of physical medi- 
cine, Diathermy is of value in neuritis and 
Electrotherapy in muscle stimulation. These 
are of limited value and therefore need not 
be an essential part of a physiotherapy unit. 
Massage and exercise are important. Splin- 


ting should be recognized as fundamental for 
immobilizing inflamed nerve and infected 
hand. 


The effective application of the various 
procedures of physical medicine is the con- 
cern of the physical therapist, occupational 
therapist and the person in-charge of the 
prosthetic and orthotic service. And, they 
should always work in a co-ordinated manner. 
The application of these methods would vary 
in the mode, intensity and frequency of 
application depending upon the stage of the 
disease, and the particular problem. Defor- 
mities would fall under the following cate- 
gories: 


1. Preventable deformities 
2. Early deformities 


3. Fixed deformities. 


PREVENTABLE DEFORMITIES 


Properly supervised medical treatment is 
necessary in all cases. Anaesthesia of the 
extremities, even in the absence of deformities, 
should be taken care of at this stage, which 
would prevent the onset of ulcers, deformities 
and disabilities. These patients should be 
instructed to wear simple foot-wear with 
microcellular in-sole at all times, and suit- 
able instruction given in the case of the hands 
and feet in preventing ulcerations, burns and 
blisters and, in the event of any of these 
things occurring, the need for immediate 
and proper treatment. Frequently, the dry skin 
predisposes to ready ulceration and this is 
best prevented by simple measures like soak- 
ing the limb in water follwed by application 
of oil. If fact, the lack of moisture in the 
skin is responsible for the breaking up of the 
skin, and the oil application over moist 
skin helps to keep the moisture in. Daily 
inspection of hands and feet for evidence of 
blisters, aberrations, foreign bodies like thorns 
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could be taken care of then and there without 
allowing this to progress into something 
serious like an infection or deep-seated ulcer. 
If a particular occupation or activity has 
brought on such injuries possible adapation 
of tools or modification of equipment should 
be provided with the advice and help of the 
occupational therapist. The  prosthetist 
could provide the patient with the necessary 
foot-wear or fit the tools used by the patient 
with the necessary adaptations. Most of 
these implements in the case of the gardener, 
carpenter or even the house-wife would 
require simple devices and adaptations, which 
would protect the hand from injuries, burns 
or blisters. 


Cases of early paralysis need attention and 
care in preventing the development of total 
paralysis and progressive deformities. Simple 
splints made of plaster of paris would meet, 
by and large most of the requirements. 
Proper care must be taken to see that splints 
are well padded, especially against the bony 
prominences, to prevent the occurrence of 
pressure sores. Regular exercises, done un- 
der the supervision of the physiotherapist, 
would keep the joints mobile, and the skin 
supple. Progressive resistance-exercises could 
be taught in cases of incomplete paralysis 
when satisfactory recovery of function may 
result. The occupational therapist would be 
able to guide the patient in the suitable occu- 
pation with modified tools which would 
enable the person to pursue his occupation 
without the risk of injury to the hands and feet. 


EARLY DEFORMITIES 


The majority of deformities are due to com- 
plete nerve paralysis resulting in claw hand, 
foot-drop and lagophthalmos. The muscle 
imbalance which is the result of paralysis 
throws these joints in extreme positions result- 
ing In contractures and fixed deformities. The 
physiotherapist uses all the methods of physi- 
cal medicine to keep the joints mobile with 
assisted active exercises, passive exercises, 
lively splints and special splints. Simple 
splints should be provided to prevent any 
further contracture. The patient is taught 
the use of oil massage and assisted active 
exercises which should be carried out at home 
if he is waiting for reconstructive surgery 
or any special brace. The appliances and 
splints for use in such conditions should 
be simple, easily available, and acceptable to 
the patients. _ They are very important in 
keeping the limb in the functional position 
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and even allow the patient to carry on his 
normal activties suitably guided by the occu- 
pational therapist. 


In appropriate cases, the static or the dyna- 
mic splint could be provided. The latter | 
supports the involved part in a functional 
position and provides a range of activity 
for the uninvolved muscles of the part. The 
static type of splint on the other hand holds 
the involved part in a functional rigid posi- 
tion for a specific period if there is any need 
for the inflammatory process to subside. 


FIXED DEFORMITIES 


These usually involve the joints which 
are not treated in the early stages resulting in 
contracture of the skin, the soft tissue, occa- 
sionally tendons and capsule of the joint. 
Infrequently, the joint may be subluxated 
with disorganization of the joint. Defor- 
mities due to “reaction” are most difficult 
to correct as the fibrosis and the contracture 
involved all the tissues and they are by far 


‘most resistant to any form of treatment. 


Deep-seated infection involving the skin, 
tendon and bone and joints would result in 
serious fixed deformities. Such cases are 
the least likely to be helped by any form of 
physical therapy. 


Neuropathic changes occurring in the foot 
with disorganisation of the joints should be 
recognized early and the harmful nature of 
continued walking on such feet should be 
recognised. Use of crutches or walking- 
plasters and in special cases non-weight- 
bearing prosthetic devices should be adapted. 


A qualified and trained physiotherapist 
or technician determines the success of cases 
which undergo reconstructive surgery. In 
the first place, the hand or the foot must be 
in an ideal condition before operation, i.e. 
without any contracture and the muscles in 
peak condition. From the point of post- 
operative re-education, the patient must be 
taught how to contract a muscle or a parti- 
cular group of muscles. Prompt treatment of 
post-operative oedema and _ stiffness with 
appropriate measures, and use of splints 
and re-education exercises will require all 
aids of physical medicine to be brought into 
use with skill and discretion on the part of 
the physiotherapist. 


Occupational therapy is not only an aid 
to the surgeon, but supplements physiotherapy 


treatment in the preoperative and post- 
Operative care of patients. The function of 
occupational therapy is to restore physical 
function, to increase joint motion, muscle 
strength and co-ordination. 


To meet the needs of the leprosy patients 
comprehensively, it would be ideal to have a 
physiotherapist, an occupational therapist, 
a social worker and an orthotic technician, 
supervised by the medical officer, well-oriented 
in leprosy rehabilitation. In many leprosy 
centres, the idea of comprehensive care of the 
leprosy patient leading to total rehabilitation 
is steadily being recognized and appreciated. 
Asylums and sanatoria are _ progressively 
becoming treatment centres, and increasing 
numbers of patients are now being discharged 
than ever before. Every one of the medical 
officers should recognise the new concept of 
the care of leprosy patients. Orientation 
and refresher courses on leprosy in all its 
aspects should be conducted at the main 
teaching centres for the medical officets. This 
will enable the doctors to better appreciate 
the need for setting up the various aids of 
physical medicine in their respective centres. 
Thus, he will be able to supervise and co- 
ordinate the activities of all the technicians. 


Qualified and trained personnel like physio- 
therapist, occupational therapists, social 
workers and orthotic technicians, having had 
special training in leprosy are not easily 
available at the present moment to meet 
the needs of the existing training and teaching 
centres. The paucity of trained personnel 
and lack of funds are the main reasons for the 
non-availability of such facilities in most of 
the centres. At best, now, there may be a 
para-medical worker, or a welfare worker 
who might be responsible for the distribution 
of tablets and related work. 


The vital role played by the para-medical 
field worker in the control programme cen- 
tres is that he contacts the patient even in 
remote areas, and thus plays an important 
part with regard to the preventive aspects of 
deformities, if equipped with adequate know- 
ledge of principles of physiotherapy and early 
treatment of ulcers, in addition to his other 
duties. It should be possible to include, 
during the training of a para-medical worker, 
practical methods of management of defor- 
mities and plantar ulcers. He should also 
have a part in the education of the patients. 
It should be stressed that prevention of defor- 
mity and encouragement of manual activity 
and skill among the patients should be his 
additional responsibility. 


The employment of a.qualified physio- 
therapist is perhaps not necessary in small 
centres as the practical methods of manage- 
ment of deformities is well-known to a pro- 
perly trained physiotherapy technician. The 
needs of many centres are now met by the 
ready availability of well-trained physiotherapy 
technicians who have a good knowledge of 
the principles of management of deformities, 
their prevention, care of the anaesthetic 
extremities, and practical experience in all 
the aids of physical medicine. Such techni- 
cians have undergone training in recognised 
teaching institutions, with qualified and 
experienced staff, managing a busy physio- 
therapy department attached to the recons- 
tructive surgery unit. The technicians get 
additional experience in the pre-operative 
and post-operative management of surgical 
cases also. Active participation in the ulcer 
clinics affords them the experience of the treat- 
ment of ulcers and the fitting of the appro- 
priate foot-wear. 


The prosthetic technician who supervises 
the making of the special foot-wear and 
appliances, including crutches, can be made 
responsible for training a cobbler (Very often 
an ex-patient is too happy to undergo this 
training and thus return to his centre as a 
useful member of the team. We have four 
cobblers in training at a time). The techni- 
cian, in addition to his practical training, 
should participate in the programme of 
teaching and propaganda to help patients to 
learn a way of life whereby the risk of damage 
to their hands and feet may be minimised. 


' The additional knowledge in occupational 


therapy methods would be of great value in 
giving the patients the appropriate tool adapta- 
tions and advice, so that they can continue 
to occupy themselves usefully, but without 
damaging their hands and feet. 


Of course, the therapist should always 
refer to the medical officer, whenever possible, 
all cases of deformities and ulcers, and work 
under his instructions. An enthusiastic physi- 
therapist or technician should not limit his 
work to the confines of the institutions, but 
extend it to the village control centres where 
advice and help may be given to patients 
receiving out-patient treatment and also to 
patients making adjustments to life at home. 


SPECIAL ROLE IN A CONTROL UNIT 


Effective leprosy control programme should 
be able to detect early and treat adequately 
every person suffering from leprosy. In 
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such an ideal situation, there may not be any 
need for rehabilitation measures including 
surgical treatment. Such a person will not 
become deformed since nerve damage 1s 
prevented, he will not become psychologically 
affected since the environment will not 
necessarily induce such an attitude, and he 
will not be socially dislocated since he conti- 
nues to live in the community as a member 
of the family and for this reason he will not 
be economically affected. However, such 
an ideal situation with adequate treatment 
following early diagnosis is not always 
attained. 


At the field clinics, the assessment of defor- 
mities should be done ideally by a physio- 
therapy technician. In practice this may not 
be possible as the para-medical worker is 
the person who is in contact with the patient 
and therefore he must be in a position to do 
a preliminary assessment. He must be also 
in a position to carry out simple home treat- 
ment measures like oil massage, assisted 
active exercises, P.O.P. application and give 
suitable advice. 


MANAGEMENT OF NEURITIS 


For early nerve inolvement, provide P O P 
slab to rest the limb in the functional posi- 
tion or sling, and other devices for elevation 
of limbs in case of acute swelling. Such 
of those cases which need to be re-examined 
by the physiotherapy technician and the 
medical officer for final disposition may be 
referred to the regional centre. 


To enable the para-medical worker to be 
more precise in the detection and preliminary 
treatment of very early deformities and other 
related surgical conditions greater stress be 
laid on the teaching of physiotherapy in the 
training of the leprosy-para-medical workers. 
Neuritis of a single nerve following assessment 
of its function could be treated at the home of 
the patient by providing support for rest and 
immobilization. P O P padded slab will be 
ideal which would mean that the necessary 
materials are available and the worker had 
experience in applying this support with 
sling or simple splint for the upper limb will be 
alternate methods. 


MANAGEMENT OF EYE 


The instructions and training given to the 
worker should emphasise the recognition of 


he eye complications in leprosy, in the 
eld. 
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Routine and careful examination of the 
eyes for evidence of conjunctivitis, corneal 
ulcers, and iridocyclitis should be done on all 
patients. Any undue delay in the treatment 
may lead to serious complications resulting 
in loss of eye-sight. Provisions should be 
made for the doctor to see such cases and 
advise hospitalization for special care. Use 
of eye shades, sun glasses, eye drops of atro- 
pine, antibiotics or eye ointment will prevent 
further damage and these should be made 
available. 


The early cases of lagophthalmos can be 
treated with home physiotherapy measures 
like active exercises and gentle massage which 
are helpful in the recovery and prevention of 
further deterioration. Established cases 
should be operated upon as early as possible. 
Medial and lateral tarsorraphy are procedures 
easy to perform compared to temporalis trans- 
fer. 


MANAGEMENT OF NOSE 


Unfortunately very little attention had 


. been paid to conditions of nose. Accumula- 


tion of discharge and crusts in the case of in- 
fection of ulcerated nasal mucosa can be a 
very distressing symptom and this discharge 
is a store-house of the bacilli, in the infectious 
cases. Routine saline, irrigation and ins- 
stillation of nasal drops by the patient him- 
self will be a good practice which will reduce 
the danger of contamination as well as afford 
comfort to the patients. 


MANAGEMENT OF CASES IN REAC- 
TION 


The acute phases termed “reaction” parti- 
cularly in the lepromatous and border-line 
cases give rise to some of the severe defor- 
mities with permanent disabilities. The hand 
is particularly involved with severe swelling, 
pain and muscle spasm due to involvement of 
all the tissues. Splinting to the hand in the 
functional position, local heat, elevation of 
the limb and absolute rest are of immense 
value in preventing the onset of serious defor- 
mities. The physiotherapist has the great 
responsibility of immobilising the joints in the 
functional position, and judiciously mobi- 
lising the joints by gentle exercises. Gentle 
movement of the digits should be steadily 
increased as the swelling and pain begin to 
subside. 


Cases with acute neuritis are benefitted 
with application of local heat, and splinting 


of the limb concerned till the symptoms settle 
down. In such instances with careful super- 
vision and painstaking treatment on the part 
of the physiotherapist, occupational therapist 
and the nurses, surprisingly good results 
could be achieved. Occasionally, the major 
joints, like knee and ankle, may be the site 
of deformities, due to uncontrolled muscle 
spasm, resulting in contractures. If timely 
interference and appropriate physiotherapy 
treatment is not instituted these joints could 
become very stiff and subsequent physio- 
therapy treatment would be of little value. 


A centre with an experienced surgeon, 
a physiotherapy unit and an operation theatre 
serves a very important function in providing 
facilities for reconstructive surgery. As 
more surgeons become available many centres 
will be able to take care of a larger number of 
cases who will be benefitted by surgical 
procedures. A regional centre tends to be 
crowded with patients waiting for operations. 
At the same time, the time and expense 
involved in travel and waiting and for physio- 
therapy are beyond the means of an average 
patient. 3 


Regular visits to the peripheral clinic by a 
mobile team of surgeon, technician and asssis- 
tants with equipment will enable the team to 
suitably advise the treatment for problem 
cases, operate on cases which are already 
pre-selected and prepared by the technician, 
and review post-operative cases which were 
operated on previous visits. Such a visit 
at regular intervals covering several centres 
will help a large number of patients who are 
in need of advice, surgical treatment and 
reconstructive surgery. Any problem cases 
can be moved to regional centres. 


Of course each of these centres should have 
a trained physiotherapy technician and 
facilities for surgery. It was found that in 
spite of some of the disadvantages, such a 
programme of mobile clinics have met the 
needs of those who could not afford to go to 
a recognised regional centre for such 
treatment. 


Again it must be emphasised that the main 
purpose of such visits should be to supervise 
and advise on the prevention and treatment 
of early deformities and ulcers and develop 
a programme of teaching and publicity to 
help patients with anaesthetic extremities to 
learn a way of life with minimal risk of damage 
to their hands and feet. Advice on adapta- 
tion of tools and implements and suitable 
protective foot-wear would also form part 
of the programme. 


CONCLUSION 


The great strides made in the field of 
physical medicine have, when properly 
utilised, proved to be a great boon in the 
rehabilitation of a leprosy patient, with or 
without deformities. For the success of any 
leprosy treatment centre the work of the entire 
team consisting of a surgeon, physiotherapist, 
occupational therapist, prosthetician and para- 
medical field-workers should be co-ordinated 
and correlated. 


The establishment of regional centres with 
the full complement of personnel and facilities 
and field centres with basic personnel and 


facilities would go a long way in promptly 


attending to the medical and rehabilitative 
needs of patients most of whom live in rural 
areas. 
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THE SCOPE OF CORRECTIVE SURGERY IN LEPROSY 


Ernest P. Fritschi 


Deformity in leprosy is of two main types. 
The first is that which occurs during the 
activity of the disease, and is directly attribut- 
able to the disease process. This is called 
Primary Deformity. 


Secondary Deformity on the other hand, 
may occur at any time after the disease is 
completely cured and when there is no more 
active disease process going on. It is com- 
monly the result of injury occurring to the 
fingers and feet which have lost sensation 
and hence have no protective defence against 
harmful external forces. These injuries 
frequently become infected with pus-pro- 
ducing organisms which, because the patient 
does not look after his finger (since it gives 
him no pain), then penetrates deep and 
affects the bone. The infected bone, usually 
that of the finger tip then dies and is extruded, 
resulting in the shortening of the finger. 
More virulent infections can result in the loss 
of more than one bone and even in permanent 
stiffness of the whole hand and occasionally 
gangrene. All this damage is caused not by 
the leprosy organisms but by various pus- 
producing organisms common to anyone. 


There is very little that Surgery can offer 
in the correction of secondary deformity. 
If an infection is seen early enough, it can be 
treated surgically by splinting, drainage and 
antibiotics and the course of the infection can 
thereby be limited, but once a bone is lost 
there is no satisfactory way to restore finger 
length. The surgeon in these cases must take 
steps to teach the cured patient how he 
should look after his fingers and feet which 
have no protective feeling of pain. This 
means intensive teaching in the care of hands 
and feet (Fig. 1) 


The nature of the problem 


Primary deformity is the field in which 
there is a very real place for corrective surgery. 
The commonest cause of primary deformity 
is a paralysis of one or more of the mixed 
nerve trunks of the extremity. In leprosy 
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these nerve lesions occur at certain well 
established sites and the consequent loss of 
muscle power also falls into a definite pattern. 


Fig. 1 Prevention of secondary deformity: Cooking 
class in progress with safety gadgets in use. 


The consequence of paralysis is two fold, 
namely, a loss of the normal graceful appe- 
arance of the fingers, and loss of function. 
It is usually taught that the latter is more im- 
portant and appearance is secondary. This 
view point is natural since the hand is generally 
considered to be the instrument by which 
man is able to work. In leprosy however, 
another factor is powerfully at work and that 
is the factor of the community. 


In all countries where leprosy is prevalent 
it is feared. This fear seems to be based on 
the deformities which it sometimes gives rise 
to. These deformities are well known and 
when recognised, result in the social ostracisim 
of the patient and his loss of employment. 
The appearance of the hand must therefore 
have a particular importance which is not so 
evident in other hand injuries. When given 
the choice between appearance and function 
the patient often chooses appearance. The 
surgeon who is new to leprosy, sometimes 
does not fully appreciate this and tends to 


think that the patient is over preoccupied by 
““cosmetic’”’ considerations. This is not so. 
The patient realises from his experience that 
he can learn to accomplish most activities, 
even with hands that are partially disabled, 
but he has no defence against an appearance 
which the public will not accept. He can- 
not hide his hand or his face, and these defor- 
mities cost him his job and his place in society, 
of what use then are hands which might be a 
shade more functionally efficient if the owner 
is not given the opportunity to use them? 


In leprosy therefore, the appearance of the 
hand is as important a factor to be considered 
as is the function. 


The size of the problem 


It is generally recognised that about 20-25% 
of all leprosy patients suffer from some defor- 
mity of the hand or foot or face. There are 
estimated to be about 3 million leprosy 
patients in India today. This means that 
there are approximately 6 lakhs (6000,000) 
patients in India who have visible deformity. 
Most of these patients cannot benefit to any 
worthwhile extent by corrective surgery. 
There are no figures available to indicate the 
proportion who have correctible deformity 
because the opinions of surgeons as to what 
is correctible must necessarily differ. 


However, even supposing that only 10% 
of this deformity is correctible, the figure is 
formidable considering that the average full 
time surgical unit only carries out an average 
of 350-400 operations per year involving 
perhaps 250-300 patients. 


It is probably true to say that in areas 
where the leprosy control programme has 
been working with a reasonable degree of 
effectiveness the developing of new deformity 
is less common. Neuritis is beginning to be 
recognised early enough for atleast a pro- 
portion of the cases to be saved from irre- 
versible paralysis. But even in the best run 
areas there are still cases which inevitably go 
on to paralysis. This situation is likely to 
continue for some more years until the early 
enlightened treatment of leprosy becomes the 
rule instead of the exception. It may there- 
fore be assumed for all practical purposes 
that about 10°% of all new cases occurring in 
India today are still likely to develop nerve 
trunk damage. Perhaps half of these may be 
prevented from paralysis by early effective 
treatment. Assuming this, and assuming 
also that the present incidence rate of new 


cases per annum in the whole country is 
around 0.2 per mille then we can anticipate 
roughly 0.04 per mille new cases of paralysis 
per annum or a little over 2,400 per year. 
Enough work for five full time surgical units. 
This is of course a very rough estimate 
based on extrapolation from figures which 
apply to the more endemic areas but which 
are corrected so that they can reasonably be 
considered valid for the whole country. 


Thus, although there is no doubt that with 
the increasing availability of early treatment 
the incidence of deformity can be expected 
to come down, there seems to be no justi- 
fication for the belief that there is not likely 
to be any work for the reconstructive surgeon 
within the next few years. Unless, as in Polio, 
an efficient vaccine is soon discovered there is 
little hope of this optimistic situation. 


What can surgery achieve? 


Alistair Maclean!, in a popular work 
of fiction puts the following remark into 
the mouth of one of his characters: ‘Plastic 
surgery can be very long, very painful, very 
expensive and occasionally not very success- 
ful.’ With the possible exception of the second 
adjective, all this could be said of corrective 
surgery in leprosy with equal validity. 


The first question that the surgeon has to 
ask is whether anything can be done for a 
particular patient? This may sound common 
place, but the field of leprosy is littered with 


- patients who went to a surgeon with a parti- 


cular set of deformities and left him several 
months, sometimes years, later with another 
set of deformities! Changed? Yes, perhaps 
‘improved’ technically, but in practice in the 
same position of being unable to get a job. 


For nearly every single deformity there is 
an operative answer to correct the deformity. 
But this process can be carried to the point 
of becoming ridiculous. The decision is 
not therefore purely surgical, but it involves 
the whole team of surgeon, social worker, 
physiotherapist and occupational therapist. 
The background, age, previous employment, 
social status and likely future employment 
must all be taken into consideration. It is 
important to emphasise that it is the whole 
patient which is being treated and not merely 
the hand or foot or face. 


The second question to be asked is, what 
should be done? 
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Here there are two principles which should 
guide the team in making the decision, namely, 
function and appearance. In most centres 
of reconstructive surgery in the world the 
former consideration far outweighs the latter. 
It is assumed that the hand is purely a func- 
tional organ that requires to be restored so 
that grasp and pinch is possible. In fact 
there is no functional position applicable to 
all hands. A carpenter and a farm labourer 
require fingers in both hands which can close 
around a cylindrical object with a diameter 
of about 3-5 cm. and hold it firmly. A desk 
worker, teacher, etc. require a right hand 
which can hold a pen or chalk in a secure 
three finger pinch. Various other occupa- 
tions require their own particular activities 
and it is essential for these activities to be 
clearly understood. 


Essentially, reconstructive surgery makes 
use of one or more healthy muscles whose 
action is relatively not so important, to re- 
place the action of other paralysed muscles 
which are more essential. The ultimate use 
of the transferred muscle to achieve the desired 
function is a trick that the patient must learn, 
and having learnt it, must apply unconsciously 
while doing his work. The older the patient, 
or the less his understanding of the function 
of the muscles and tendons, the more difficult 
he will find this process of re-education and 
the more imperfect will be the result. 


There are therefore cértain factors to be 
taken into consideration before operating. 


a. Age of the patient 


The younger the patient the better the final 
result both in appearance and in function. 
This is because he can easily learn the new 
trick, and it can become part of his activities 
until its use is completely unconscious. The 
older one gets the more difficult is this process. 
It is therefore very rewarding to operate on 
children and the results are more encouraging 
(Fig. 2). It may in fact be said that there is 
no lower age limit to reconstructive opera- 
tions in children. The youngest we have 


operated was about 6 years old, with an 
excellent result. 


the disease? 


times for years, before he is considered to be 
safe for operation. Timing has also to be 
considered in relation to the disease and its 
treatment. 


Fig 2 A happy young patient with his newly 
operated hand. 


It is emphatically stated that in our 
experience it is not necessary, and in fact 
not at all desirable, to wait for a patient to 
become completely inactive before operating. 
This process is too long drawn out and his 
dehabilitation is therefore too far advanced 
by the time he gets ‘ready for surgery’, hence 
rehabilitation often becomes impossible. 
The risk of ‘reaction’ or exacerbation of the 
is very small and, should it 
occur, it can be easily and effectively dealt 


with since the patient is right under our 
observation. 


A safe rule is to establish the patient on 


treatment with full doses of D.D.S. for a 
period of about three months before opera- 
tion. This time can be profitably used to 
teach the patient the care of his hands and feet, 
and to isolate the action of the muscle which 
it is intended should be used for the re- 
constructive operation. 


One objection to early operation which is 


sometimes raised, is that other nerves may 


subsequently become paralysed. This may 
well be, although paralysis tends to occur at 
the time of the turning point in the patients 
immune response to the organisms, and as 
such is often a single period in the natural 
pater SIheReS te a1 history of the disease. If however, a further 
inpers ete ie a 2 the danger of the episode does take place there is still no reason 
aati ee “ie Sa ,» and the joints be- why it cannot be dealt with by another opera- 
semen Lennar < ilficult for the patient to tion. It is very exceptional for a radial nerve 

er tO GO his exercises regularly some- paralysis to develop, thereby rendering func- 


b. The timing of the operation in relation to the 
onset of paralysis 


The longer the time interval, the m 
; ore 
difficult he finds it when he has to learn a new 
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tionless a previously active extensor muscle 
which has been used for a transfer. 


c. The state of the hand 


The hand should have mobile and un- 
damaged finger joints. Long _ standing 
paralysis tends to adapt both the skin and the 
underlying dorsal expansion over the 
proximal finger joint to the flexed position, 
so that when the finger is extended, a pad of 
skin lifts up over the back of the joint. 
These ‘kunckle pads’ are the external signs 
which indicate an alteration in the mechanics 
of the joint and which therefore point to a 
bad prognosis. Damage may also have 
occurred to the joint itself usually by neglected 
injury over the permanently flexed kunckle. 
Such damage often renders a tendon trans- 
plant useless and the finger joint has then to 
be permanently fixed in a better position. 
Finally loss of finger length is also a considera- 
tion. The best functional result is often ren- 
dered poor because of the ugliness of shortened 
stubby fingers. 


d. The nature of the patient’s employment 


This is probably the single most important 
factor in the long term prognosis of the 
surgically corrected hand. Follow up studies 
indicate very clearly that where a person has 
a supervisory job, or one which is clerical and 
non traumatic to the hands, the operated 
hands will continue to be in good condi- 
tion for many years. But in the case of 
manual workers whose hands are constantly 
subjected to severe trauma such as farm 
labourers etc. the hands, though often still 
giving indications that the operations had 
been successful, in many cases are shortened, 
scarred and often very seriously mutilated. 


This observation emphasises the need for very 
intensive teaching in the care of hands and 
feet in such persons. In such persons with 
heavy manual work there may still be a place 
for surgery so as to expose the proximal 
segments to the tool and not, as in the case 
of the claw hand the tips of the fingers. But 
any procedure that is done must be accom- 
panied by practical training in the careful 
use of his hand. 


In the case of desk workers the type of 
operation required is one which gives a good 
right hand pinch and a good cosmetic result. 
Such persons have to expose their hands to 
the public and it is essential that they look 
as normal as possible. In patients whose 
fingers: are very severely clawed with joint 


damage, arthrodesis or joint fixation can be 
considered. If this is done the fingers be- 
come stable and good-looking provided the 
angle of fixation of the P.I.P. joints is mini- 
mum and graded from index to little, so as 
to look as natural as possible. Arthrodesis 
of the finger joints is also useful for eating with 
the hands and this activity involves fingers 
which need not be flexed. 


When a patient has a triple nerve paralysis, 
i.e. a claw hand, a paralysed thumb and a 
wrist drop, the hand is indeed about as use- 
less as it can be. It can never be recons- 
tructed to serve with any power, but it can 
be well repaired for a person whose work 
requires only light use. Here again arthro- 
desis is a good procedure but attention should 
be given, not to function but to appearance: 
in the selection of the angle of fusion. 


In brief, persons who are self employed 
must have hands that are first of all functional 
and secondarily cosmetically acceptable if 
they are to retain their jobs. It remains a 
remarkable truth that the human being can 
learn to adapt and utilise remaining abilities 
to an astonishing extent and even unfunctional 
hands can perform most required activities. 


e. The social status of the patient 


Here again the appearance of the hand 
must take supremacy over the function. The 
greatest difficulty of persons in the upper 
social level is to move freely with their asso- 
ciates. It is important to supplement any 
corrective surgical procedures with psycho- 
therapy to improve the persons self confidence. 


The reconstruction of the hand 


There are two main patterns into which 
the upper limb paralyses fall, the ‘claw hand’ 
and the ‘ape thumb’. Subject to the consi- 
deration of indications and contra-indications 
as outlined above, both these deformities can 
be corrected with good results. 


The claw hand is the result of the paralysis 
of ulnar nerve which supplies the small 
muscles of the hand and controls the mecha- 
nism of the extension of the finger joints. 
There are fourteen such muscles in the hand, 
and they are responsible for cupping of the 
palm, finger extension and the ability to 
approximate the finger tips and to splay out 
the fingers. The strength of the grip is the 
responsibility of the large forearm muscles. 
The small intrinsic muscles of the hand only 
control position and finer movements. 
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Obviously it is not possible to find 14 healthy 
muscles to replace these paralysed ones. 
Therefore it is not possible to restore all the 
actions and the surgeon must decide which 
are the most essential ones. 


It is generally accepted that one of the essen- 
tial actions is to flex the fingers at the point 
where they meet the palm, and to hold the 
finger joints themselves firm in an almost ex- 
tended position while this is being done. 
This is the movement required for holding 
objects, for eating with the hands and for 
picking up things against the opposed thumb. 
This position has been called the intrinsic 
position since it is the position resulting from 
the use of the intrinsic muscles of the hand. 
To do this several operations have been 
designed and are in common use. The 
indications for their use are fairly clear and 
generally accepted. They fall into two main 
groups: those which utilise one of the long 
muscles of the forearm which is lengthened 
by a free grafted tendon, which is divided 
into four tails one of which goes into each 
finger (Fig. 3), and those which use another 
principle namely that of stabilising the 
proximal segments of the fingers in flexion, a 
weak finger extension can be achieved with 
the long extensor muscles if the finger ten- 
dons are undamaged. It is not within the 


scope of this paper to give details*, suffice 
it to say that if proper attention has been 
given to the indications in the various kinds 
of hands, both these principles can give 
good functional and reasonable cosmetic 
results. 


The paralysis of the thumb is a major dis- 
ability since the ability to oppose the thumb 
is the fundamental action on which both grasp 
and pinch are dependent. This disability 
is the result of paralysis of the median nerve, 
and is rarely seen alone, it usually occurs 
along with or after the claw hand. The 
commonest paralysis is probably still the 
combination of the ulnar and median nerves 
giving rise to the conjunction of the clawed 
fingers and unopposable thumb. 


It is not necessary to dwell at length on the 
disability caused by a thumb which cannot 
oppose the fingers. There are several opera- 
tions in use to correct this deformity. They 
usually achieve what they set out to do, 
namely to bring the thumb forward on the 
palm. Unfortunately, the thumb also re- 
quires to meet the fingers and close a grasp 
or pinch with some force depending on the 
activity performed. This force is supplied 
in the fingers, by the long flexor muscles, but 
in the thumb this does not help and pinch 
stabilisation therefore remains a problem 


Fig. 3 The hand before and after a tendon transfer. 
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which has too many offered solutions, indi- 
cating that none of them are completely 
satisfactory! In practice however the result 
of the simple abductor replacement usually 
improves both function and appearance to 
the satisfaction of the patient (Fig. 4). 


The triple nerve paralysis has been briefly 
dealt with earlier on. It involves all three 
nerves which supply the hand and a paralysis 
of these three nerves leaves so little that 
there will never be a good solution. How- 
ever, for the person who requires only a 
‘paper weight’ hand for sedentary and desk 
work, some improvement can still be offered 
(Fig. 5). For the farm labourer it is usually 
necessary to advise other employment. 


There are some miscellaneous deformities 
corrections for which may be justifiably 
carried out for specific purposes. But the 
surgeon is well advised not to waste much 
time and money on reconstruction unrelated 
to a specific objective whether cosmetic or 
functional in each case. 


The reconstruction of the foot 


The two main nerves of the foot are also 
commonly affected, resulting in two main 
problems, the drop foot, where the patient 
cannot lift his foot at the ankle while walking 


and consequently walks with a high stepping 
gait, and the claw toes deformity, which 
is like the claw hand, namely extension of 
the first segment of the toe and acute flexion 
of the other segments. 


The drop foot is a source of embarrassment 
to the patient because of the abnormal gait 
he assumes while walking. This can fairly 
easily be corrected simply by transferring the 
tendon of the muscle which pulls the foot 
inwards, and re-routing it so that it pulls the 
foot upwards. It is fairly easy for the patient 
to learn to use this tendon at the right time 
and the result is therefore satisfactory in most 
cases. This operation holds a useful place. 
It must however be realised that in many early 
cases of paralysis of this nerve it tends to 
recover, and therefore corrective surgery 
should be deferred until at least a year from 
the onset of the weakness during which time 
conservative measures should be tried. 


The clawing of the toes is in itself a rela- 
tively minor problem, but it assumes impor- 
tance when it is understood that this is 
probably an important factor in the predis- 
position towards ulceration of the forefoot, 
and also that it makes the wearing of closed 
shoes very difficult and likely to cause pressure 
sores over the knuckles of the toes. It can 


Fig. 4 Correction of thumb paralysis to enable the function of grasp and pinch. 
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Fig. 5 Hand after corrective surgery for triple nerve paralysis. 


also be quite easily and very successfully if carried out early can contribute a great 
corrected by a simple tendon transfer to deal to the preservation of the foot from 


each of the toes (Fig. 6). This operation, further secondary damage. 


Fig. 6 Correction of clawed toes. 


Corrective surgery has also a place in the 
more severe deformities of the foot which 
are occasionally seen as a result of painless 
sprains and fractures. Since these normally 
very painful injuries are neglected because 
the patient does not feel the pain, they tend to 
result in very serious deformities which render 
walking difficult. 


When these deformities are recognised early, 
they can be very effectively treated by major 
bone-fixing procedures. These procedures 
are however costly to carry out because of the 
long periods of hospitalisation which are 
required. 


The repair of the face 


The most important procedure in the face 
is undoubtedly the correction of the paralysis 
of the muscles which close the eye. Failure 
of eye closure, especially when this is 
associated with a loss of protective sensation 
in the eye ball itself, can have the most serious 
consequences and can result in blindness 
developing. Here again several operations 
have been devised; they are of two types, the 
one which seeks to close the eye actively by 
a voluntary muscle contraction of the patient, 
and the second which aims at reducing the 


size of the opening of the eye lids and increa- 
sing their tension so that closure becomes 
almost a passive process and opening the 
active phase. Both types of operations 
are successful. The former however, while 
working beautifully when the patient con- 
tracts the transplanted muscle (Fig. 7), often 
remains inoperative because the patient does 
not use the transplanted muscle at the right 
moment. The latter therefore is likely to 
have more application. Some _ interesting 
new operations have been described consis- 
ting of implants of gold in the upper lid so 
that it falls by the action of gravity rather 
like a ‘shut eye’ doll. In our opinion based 
on a limited trial, this does not have a future. 
Attempts are now being made to implant 
plastic or stainless steel springs. These are. 
not yet available in this country, but the 
principle seems to be worth working on. 


It is very important to realise that the so 
called cosmetic procedures involved in facial 
surgery are as important for the patient’s 
rehabilitation as any of the operations of the 
hand or foot. The patient cannot move 
freely in society unless his facial deformities 
are corrected. Today deformity of the nose 
rarely occurs de novo. When seen, the saddle 


Fig. 7 Paralysed eye lids corrected by a tendon transfer. 
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nose deformity is usually in an old neglected 
case of many years standing. It is there- 
fore reasonable to believe that this deformity 
and its correction is almost ready to be 
consigned to the history of medicine. How- 
ever, there are still some cases which should 
be operated. Our own principle is to offer 
the patient the possibility of reconstruction 
and leave the decision entirely to him. Often 
he has got so used to the deformity that he 
does not ask for the operation, or he may be 
resident in a terminal care home, in which 
case there is really not much point as he is 
not-required to take his place in society. 


The repair of the nose is done through the 
floor of the nose approaching from under 
the upper lip. The nose is mobilised from 
behind and freed as much as possible. The 
cavity is lined with a skin graft. The resulting 
nose is soft and needs some support. This 
can be provided either by a prosthetic support 
inserted into the nose through the mouth 
opening, like a dental plate, or if, as is usually 
the case, the patient prefers it, a bone graft 
can be put in to support the ridge of the nose 


(Fig. 8). The bone graft is of course stiff and ° 


immobile not soft like a normal nose, ‘this 
however need not beacause of disability ex- 


cept perhaps to the younger and more am- 
ourously inclined patient! 


Other procedures for the face include the 
replacement of eyebrows using hair bearing 
skin from the scalp. There are several modi- 
fications resulting in eyebrows of varying 
bushyness. Here again a delicate sense of 
judgement must be exercised by the surgeon 
in deciding the denseness which will be appro- 
priate (Fig. 9). It must however be stressed 
that the hairs should be orientated in a 
natural way lest by injudicious placement the 
patient may have one eyebrow whose hairs 
are uplifted like a toothbrush advertisement, 
and the other which hangs down like a 
donkey’s tail. 


Face lift is another procedure available. 
It has been our principle here to perform this 
procedure only in the under 40 age group. 
The onset of wrinkles in the face is a physio- 
logical phenomenon and we have. not felt 
called to interfere with the normal march of 
the years, but only to remove the precocious 
wrinkling which is the result of lepromatous 
destruction of the elastic tissue of the skin. 


Earlobe trimming is a time honoured pro- 
cedure which is almost ripe now for transfer 
to the annals of history since heavy infiltra- 


Fig. 8 Saddle nose deformity before and after correction. 
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Fig. 9 Eye brows that contribute to the patient’s rehabilitation. 


tion, sufficient to call for surgical trimming, 
is a rarity at the present time. 


Conclusion 


Upto about 20 years ago Poliomyelitis 
provided the orthopaedic surgeon with much 
of his elective surgical material. Today 
after the systematic use of vaccines, most 
orthopaedic surgeons in developed coun- 
tries have no knowledge of the paralytic 
deformities of polio. Even now, about 
25 years after Salk’s & Sabin’s work on 
polio vaccines, this disease is still a major 
cause of disability and deformity in the 
developing countries. In leprosy, the search 
for suitable preventive vaccines is just begin- 
ning, and there are still formidable obstacles 
to be overcome before any hope of a break 
through can be entertained. 


The present leprosy control programme of 
the Government of India is as up-to-date as 
it can be, considering the world’s present 
understanding of leprosy. But the applica- 
tion of this programme over the last 20 years 
has produced a barely appreciable decline in 
the incidence and severity of deformity. 
There is however still hope that in the lives 
of many of the younger surgeons the defor- 
mities of leprosy may yet become nothing more 
than a sad memory of human suffering. 


Until that time however there will still be a 
great need for qualified and experienced 
and compassionate surgeons to apply their 
skills to this field of deformity. It is not 
necessary to have many centres, probably 
5 to 6 may be all that is required but these 
centres should be properly and wisely distri- 
buted and should have properly trained ex- 


‘pert teams, so that the best can be offered to 


the patient in each place. 


If this is assured, surgery is still an essential 
service in any country such as ours where there 
is still a delay in the treatment of the early 
cases of leprosy. When due consideration 
has been given to indications and contrain- 
dications it still serves as an essential link 
between the treatment of the disease and the 
ultimate replacement of the patient in society 
and in useful and gainful employment. 
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PREVENTIVE NERVE SURGERY IN LEPROSY 


DINKAR D. PALANDE 


Deformities and ulceration of the extre- 
mities is the picture of leprosy in the common 
mind. Involvement of the peripheral nerve 
trunks and their subsequent damage by the 
disease is the cause of these main disabling and 
stigmatising features of leprosy. It is fairly 
well known (first demonstrated by Dr. Khanol- 
kar) that leprosy is primarily a disease of 
nerves, the main target cell being the 
Schwann cell which forms lining of the 
nerves. Preventive nerve surgery is a recent 
concept, and being recent, is still rather 
controversial. To find out why, it is necessary 
to have a historical perspective, a quick bird’s 
eye view of the way advances in scientific 
knowledge in leprosy have occured—parti- 
cularly those related to nerve damage and 
its recovery. 


EVOLUTION OF THE CONCEPT 


Prevention of deformity in leprosy has been 
a dream, an ideal so utopian that there has 
hardly been any talk or an article on this 
subject in the first half of this century, and if 
at all there was a thought bold enough to be 
transcribed, it was restricted to expression of 
a pious hope. The existing knowledge then 
did not allow anything more. In the nine- 
teen forties D.D.S. was discovered—first 
drug found to act against the till then invin- 
cible Mycobacterium leprae. Other drugs did 
not follow—as they did for say tuberculosis— 
because this organism refused to be isolated, 
to grow and be studied outside the human 
body. Then came the successful work of 
Shepard, who showed that the bacillus could 
be grown in a mouse foot-pad. Advances 
in allied fields followed. The stress was on 
understanding the bacillus, understanding the 
disease, how it affects different body tissues 
and how the tissues react, bacteriology, patho- 
logy and immunology. For leprosy worker 
in the field Dr. R. G. Cochrane showed how 
to treat the disease. Influenced by him 
the Orthopaedic Surgeon, Dr. Paul Brand 
discovered ways and means to cure deformities 
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and to train doctors in those methods; he 
further proved that the deformities and ulcers 
and loss of fingers and toes are all because of * 
damage to the nerves, by the disease. The 
Epidemiologist concentrated on how to 
diminish the ‘case load’ the infectivity, the inci- 
dence of the disease and the concept of Surevy, 
Education and Treatment, was brought into 
being. The vocational rehabilitationists led 
by Antonysamy (also influenced by Dr. Brand) 
stepped in and proved that it is indeed possible 
to do productive work and not injure an 
anaesthetic hand, an anaesthetic paralysed 
hand which has been reconstructed by surgery, 
provided proper training is given. 


About the same time, in the early fifties, 
Carayon, a Neuro-Surgeon in Vietnam, saw 
his first case of neuritis in Hansen’s dis- 
ease. Naturally he concentrated on the prob- 
lem of what happens to the nerve, why the 
nerve damage occurs at definite sites and what 
could be done to prevent it. From 1947 
onwards Sunderland and others were bringing 
to light new knowledge on the anatomy of 
nerves, especially the internal anatomy. 
Carayon using all this new knowledge carried 
out his own exhaustive investigations, in- 
cluding contrast radiography, on the nerves 
in leprosy in Africa and from 1951 onwards 
he has been publishing a number of articles 
on this subject. He has demonstrated con- 
clusively the role of external factors in pro- 
gression of nerve trunk damage in leprosy 
and hence the rationale of the beneficial effect 
of surgical removal of these factors in preven- 
ting, reversing, or stopping further neuro- 
logical damage. As most of these publica- 
tions have been in French, there has been a 
time-lag for the knowledge from his work to 
percolate through the language barrier. 


THE POSITION IN THE 
SIXTIES 


_ The position regarding nerve damage and 
its prevention in the late sixties can best be 


NINTEEN- 


summarised in the words of Mrs. Karat. 
Writing on the subject of preventive rehabilita- 
tion in leprosy (Lep. Review—January 1968), 
she stresses that, ‘‘Maintenance of the inte- 
grity of the function of peripheral nerve during 
anti-leprosy therapy should be the concern 
of every leprologist. This much-neglected, 
ill-understood and in most _ instances 
completely ignored, complication of the 
disease is the chief cause of morbidity in 
leprosy”. She adds, “*... Lack of such serious 
notice of nerve dysfunction in the mass 
treatment programmes results in a large 
number of casualties sustaining permanent 
injury to peripheral nerves resulting in 
anaesthesia or paralysis”; and further states 
that, “... This problem will continue to 
increase with the mass treatment programme 
until the medical and paramedical personnel 
begin to look beyond the results of skin smears 
for bacilli and the disappearance of skin lesions 
as their criteria of results of treatment, and 
take time and care to assess the peripheral 
nerve function during active anti-leprosy 
treatment”. What were the methods then 
to prevent or reverse nerve damage? In the 
light of knowledge available then, Mrs. Karat 
restricts herself to recommending drugs like 
Chloroquine, and changing the specific 
treatment to thiosemicarbazone or Ciba 
1906; Surgery was restricted to correction of 
deformity. 


ADVANCES IN NERVE SURGERY 
Relief of Pain—Prevention of deformity 


Even though nerve surgery in leprosy was 
being done since the thirties, the operations 
were restricted to cases with established 
nerve paralysis and aimed at relief of intract- 
able nerve pain. Because of lack of under- 
standing of the internal anatomy of the trunk 
nerves, the procedures were also such as would 
damage the blood supply of the nerves ex- 
emplified by desheathing procedures and 
procedures which damaged the continuity 
of nerve fibres exemplified by operations 
wherein deep multiple incisions in the nerve 
were made.- Carayon described his method of 
internal neurolysis respecting the nerve ana- 
tomy in 1962. Because of the intricate inter- 
mingling and anastamosis of nerve fibres 
between different nerve bundles (funiculi) 
within the same nerve, (Fig. 1) the procedure 
has necessarily restricted indications. In 
1968 Vaidyanathan demonstrated a high per- 
centage of sensory motor recovery in the 
ulnar nerve canal behind the elbow. (Within 
three month’s paralysis: 71% complete 


Motor recovery and 50% sensory recovery 
of paralysis. Above 3 months duration 16% 
motor recovery and 14% sensory recovery. 
In all the rest of cases further progression 
of paralysis was stayed). This work was 
characterised by detailed analysis of 88 opera- 
tions coupled with findings in 24 control 
patients. He demonstrated that earlier the 
surgery was done better was the result and in 
any case the results of surgery leading to 
nerve recovery in his hands were appreciably 
better than cases not treated by surgery. In 
the succeeding years, many publications fol- 
lowed, including by Galal Z., et. al. (1973)) 
Palande (1973)) Carayon (1972) and (1973)) 
Enna (1974) and others—demonstrating re- 
covery of nerve function after surgery. 


Figure 1. Internal anatomy of nerve showing the 
funiculi, inter-funicular connections and 
anastamosis (from Sunderland) . 


ADVANCES IN MEDICAL TREATMENT 
OF NERVE DAMAGE 


Simultaneously there was progress in the 
medical management of nerve damage also. 
Newer ancillary drugs were found, tried, and 
some lingered on. Stanley Browne, Karat, 
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Ramanujam, Pearson, and many others contri- of normal individuals the ulnar nerve dis- 


letely around the medial 

ed to the advance in medical management locates compl 
enae To-day, the value of predni- epicondyle during flexion and extension of 
solone as an anti-inflammatory agent which elbow, while in another 12% the dislocation 


diminishes nerve oedema, and controls the is partial (Childress 1975). In both these 
hyperactive cell-mediated immune response of cases the nerve is more vulnerable to external 
hypersensitivity, and similar action of Thali- trauma. The posterior tibial nerve is accom- 


ide in E.N.L. episodes, is well recognised. panied by vessels which in majority of cases 
Seon innictraran of specific anti- constitute the main blood supply of the foot. 
leprosy drug is essential to control the growth Both the nerve and artery pass first through 
of the organisms. Clofazimine combines as it the retromalleolar tunnel, then divide into 
were these needs of a specific drug and an medial and lateral plantar branches which 
anti-inflammatory agent; any additional pass again through two individual calcaneal 
amounts of corticosteriods when required tunnels. Secondary compression of the 
are much less and need to be given for a shorter posterior tibial artery diminishes blood supply 
period. Karat, Pfaltzgraff and others have to the foot and also to the nerve since nerve 
demonstrated a high percentage of success is also supplied by its accompanying artery. 
in prevention or reversal of nerve damage Thus posterior tibial decompression is the 
with these medicines. However, the success decompression of the nerve as also that of its 
is much better in B.T. type of leprosy than in accompanying blood vessels aimed at resto- 
the BB and BL types. ration of blood supply to the foot as well as 


eee pate: : restoration of nerve function. 
A judicious combination of the medical 


and surgical measures of treatment of early 
nerve damage obviously is the ideal. What 
is the rationale of these treatment measures? 
The pathological and immunological basis 


of what happens inside a nerve trunk in leprosy THE COMMON SITES OF MOTOR PARALYSIS 
has been dealt with in detail in other chapters. IN LEPROSY * 
What are the anatomical and physiological 

factors on which preventive nerve surgery is FACIAL NA_& f 

based? PRE AURICULAR N 

DAMAGE IN LEPROSY Sie Sieber 


Pattern of Nerve Involvement 


The peripheral nerve trunks are involved RADIAL 
in leprosy at definite well known sites (Fig. 2) 
viz., ulnar nerve behind and above the 
elbow; median nerve proximal to the carpal 
tunnel; the posterior tibial nerve proximal to 
and in the posterior tibial tunnel below and RADIAL 
behind the medial malleolus and its two adie tpt 
branches in the calcaneal tunnels; the lateral 
popliteal nerve as it crosses the neck of the 
fibula proximal to its entry in the peroneal 
tunnel, and the radial nerve in spiral groove. 
The common anatomical features for all these 
sites are that the nerve distally passes through 
a rigid fibro-osseous tunnel, is near a joint 
and further it lies against bone. All these 
factors predispose to mechanical trauma by 
compression, friction and forced elongation. iba 
In case of the ulnar and posterior tibial nerves, | 
there are some additional anatomical factors, 
and incidently these are the two nerves that 
are most commonly affected and lead to 


. er : Figure 2, The sites of nerve involvement in leprosy 
maximum morbidity in leprosy. In 4% 


(with acknowledgements to Dr. Antia). 
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INTERANEURAL CHANGES 


Pathological changes of nerve involvement 
in brief are: invasion of the nerve by 
Mycobacterium leprae which is first evidenced 
by cellular infiltration and inflammation in 
a small involved segment. Accumulation of 
extra vascular fluid, i.e., oedema inside the 
nerve bundles increases the internal pressure. 
Because of the protective restricted permea- 
bility of the perineurium the infection re- 
mains restricted to the involved bundle, the 
other bundles being affected secondarily by 
the increased pressure within the whole nerve 
(Fig. 3). The increased pressure also affects 
the blood supply of not only the involved but 
the other nerve bundles also. There are then 
the usual changes of venous obstruction, 
slowing of circulation, increase of capillary 
permeability, and increasing oedema. Thus, 
a vicious circle is formed. The progression 
of inflammatory process and the resolution of 
oedema lead to increasing fibrosis. In the 
initial stages these changes are reversible. 
If relief is obtained, and the internal oedema 
and ischaemia relieved early, the nerve may 
recover. The bacillary load, has of course 


to be diminished and the immunological 


tissue reaction to be combated by suitable 
medication. 


Figure 3. Median nerve decompression operative 
photograph showing abscess in the centre 
and normal bundles on either side. This 
patient did not have nerve paralysis. 
(With acknowledgement to Dr. Antia). 


BLOOD SUPPLY OF A NERVE 


There are four strata of blood supply of a 
trunk nerve: 1. The surface blood vessels; 
2. The inter-funicular vessels; 3. The peri- 
neurial vessels and 4. The funicular vessels. 
The last are the first to be affected by the 


disease process, while the surface vessels are 
the first to be affected by tunnel compression. 


ROLE OF EXTERNAL ANATOMICAL 
FACTORS 


When the nerve becomes thickened because 
of the process described above, the external 
compression and mechanical traumatic fac- 
tors come into play causing further damage: 


1. In the affected segment there is a secon- 
dary inflammation of the surrounding 
tissues including that of the deep fascia 
which become thickened and compress 
the nerve. 


2. At the level of entry in the tunnel, 
because of the nerve thickening there 
is a compression by the rigid tunnel 
walls, of the nerve and its vessels. 
The vascular block causes stagnation 
and arteriolar hypertension leading to 
oedema in the proximal segment. 


3. Stretch trauma: normally the change in 
length required during joint movements 
is compensated for by sideward move- 
ment of the nerve. This is_ best 
exemplified by the ulnar nerve. Behind 
the elbow, during flexion of elbow, 
the ulnar nerve shifts medially to com- 
pensate for the increase in length which 
will otherwise be required. As the 
space inside the tunnel becomes 
diminished because of thickening of the 
nerve, this medial shift naturally gets 
diminished and the nerve is now 
stretched like a rope on a pulley. 
This causes damage to the blood vessels 
on and within the nerve. This is also 
the basis of the stretch sign which 
is elicited by demonstrating diminu- 
tion of flexion range of elbow because 
of pain in ulnar nerve during that 
movement. 


4. When the nerve is of dislocating type 
the thickened nerve is exposed to 
friction and the patient complains of 
pain as the nerve slides around the 
medial epicondyle during elbow flexion. 
There is injury to the nerve and hence 
to its surface blood vessels. 


5. Below the elbow, the ulnar nerve passes 
through the Flexor Carpi Ulnaris tun- 
nel as the humeral and ulnar fibres of 
the muscle join together (Fig. 4). Con- 
traction of this muscle causes com- 
pression when the nerve is thickened 
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and inflamed. This also is the ratio- 
nale of the muscle compression sign— 
pain in the nerve on muscle contraction. 


Figure 4. An artist’s impression of the ulnar 
nerve (in white) thickened above elbow 
passing behind the medial epicondyle 
(upper tunnel) and entering the front of 
the upper forearm where it passes 
through the two origins of the flexor 
carpi ulnaris muscle (lower tunnel). 
The upperpart of the roof of the tunnel 
is removed ; the lower part of the tunnel 
can be well seen. 


6. In case of the posterior tibial nerve, 
its main artery of blood supply comes 
from the accompanying posterior tibial 
artery which is also often the main 
artery of supply to the sole of the foot. 
Compression of this neuro-vascular 
complex secondary to nerve thickening, 
results in diminution of blood supply 
to the nerve by compression of the 
posterior tibial artery (Fig. 5). 


7. The surface blood vessels in the median 
and lateral popliteal nerves are parti- 
cularly vulnerable to compression at 
the respective sites of involvement. 


Once all these external anatomical factors 
Start acting, secondary to nerve thickening 
(due to intraneural oedema) again a vicious 
circle is established; infection—internal 
oedema—nerve thickening—increased external 
pressure by tunnel roof and nerve coverings— 
compression of surface vessels—blood stagna- 
tion and proximal arteriolar increased pres- 
sure—more oedema of the nerve. Specific 
anti-leprosy drugs and anti-inflammatory 
drugs, are essential to combat the internal 
pathological process. Surgical relief is 
necessary to eliminate the above described 
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external factors which continue and com- 
pound the damage started by invasion of the 
nerve by Mycobacterium leprae and the 
attendent tissue response. In the initial 
stages, to an extent, the relief of nerve oedema 
by drugs is probably sufficient to stay the 
progression of the nerve damage. However, 
the external factors must be relieved before 
the critical point of irreversibility of nerve 
damage is reached to enable the nerve to 
recover. 


Figure 5. Posterior tibial nerve and artery 


passing through the  retromalleolar 
tunnel behind the flexor retinaculum 
and its two main branches entering the 
calcaneal tunnels. 


A=Artery, N = Nerve, F.R. = Flexor 
Retinaculum, C.B. = Calcaneal Bands 
roofing the calcaneal tunnels. 


INDICATIONS OF SURGERY 


There are certain clinical signs and symp- 
toms which indicate progression of nerve 
damage and the increasingly coming into 
effect of external compression factors. These 
are: 


1. Progressive nerve deficit while under 
full medical treatment; 


2. Sudden increase in the nerve deficit 
indicating active increase in the internal 
nerve pressure; which may be due to 
sudden oedema or an abscess forma- 
tion; 


3. Increase in the intensity of pain and 
tenderness in the nerve inspite of medical 
treatment; 


4. A positive stretch sign, not relieved by 
medical treatment; 


5. A positive compression sign; this is 
elicited by asking the patient to close 
the fingers and flex and medially deviate 
the wrist forcibly, thereby contracting 
the flexor carpi ulnaris and the flexor 
superficialis muscles both of which form 
‘the roof of the ulnar canal. When 
pain is elicited by this maneuver the 
sign 1S positive; 


6. Pain on flexion of elbow as the nerve 
slides forward with a click, in case of 
the dislocating ulnar nerve. 


All these above indicate the actively coming 
into force of external traumatic factors; 
at this time, the earlier surgery is done, the 
more will be the likelihood of nerve recovery. 
Ofcourse, before these factors come into play, 
there is no need for surgery and routine specific 
and anti-inflammatory treatment together 
with rest of the nerve by appropriate splinting 
is enough and adequate. In case of posterior 
tibial nerve, nerve recovery with medicines 
alone is rare, and hence early surgery is 
advocated. Similar is the case with median 
nerve paralysis. In general, the insidious 
nature of nerve involvement and slow onset 
of pain and paralysis cause delay in the patient 
seeking treatment. 


SURGICAL PROCEDURES 


To-day, the surgical procedures are res- 
tricted to essentially two main aims: 


1. Relief of external compression and pre- 
venting further trauma; and 


2. Relief of 
pressure. 


internal ischaemia and 


The first is achieved by incision of the roof 
of the compressing tunnel, of the compressing 
external coverings of the nerve (the false 
sheath formed by the deep fascia) and 
epicondylectomy for the ulnar nerve. When 
the epicondyle is removed, the ulnar nerve 
now lies laterally in a neutral plane as far as 
elbow movements are concerned so that it 
neither has to shift, nor elongate, nor dis- 
locate during elbow movements. The second 
aim is achieved by median epineurotomy 
(incision of the nerve sheath) and by fascicular 
(inter-funicular) neurolysis. External decom- 
pression including incision of the tunnel roof 
can be carried out in an ordinary operation 
theatre with minimum of instruments and 
surgical skill; but with disproportionately good 
results when done early as demonstrated by 
Vaidyanathan. Epicondylectomy needs a 


little more surgical skill. Median epineuro- 


tomy and fascicular neurolysis have to be 
done with a delicate hand by a well trained 
surgeon, preferably using magnification during 
surgery so as to ensure that there will not be 
any damage done to the nerve by surgery. 
(Figures 6-A, B, C, D.) 


6B 


For all these, the patient has to stay in the 
hospital for not more than one week. In 
case of epicondylectomy, he has to have an 
elbow splint and the elbow in a sling for 
2 weeks. The lesser the nerve involvement, 
as shown by sensory-motor deficit, and the 
earlier the surgery done, quicker are the re- 
sults seen in terms of nerve recovery. When 
the nerve is completely paralysed, it takes a 
maximum of one year to get complete re- 
covery after surgery. 
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Figure 6. 


6D 


Operative photographs : 


(A) Showing the exposed thickened 
ulner nerve above the elbow. the bared 
medial epicondyle and the tunnel 
behind it. 


(B) The Epicondyle has been removed. 


(C) The raw bone has been covered 
over by the Flexor Muscles’ origin and 
restricted fascicular neurolysis has been 
carried out on the ulnar nerve above 
the elbow. Note the nearly normal nerve 
below the elbow and its marked 
thickening above the elbow. 


(D) The incision being closed. 


WHY PREVENT NERVE DAMAGE? 


Is prevention indeed better than cure? 


What is actually involved? 


Deformity is 


the main stigma in leprosy. Once a nerve 
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damage is irreversible, the sensory loss 
leads to ulceration, loss of digits, involve 
bones, foot deformity and loss of use 
of the extremity; motor power loss 
results in disability, e.g. inability to use the 
hand or the thumb. Sensation plays such 
a major role in not only protection, but 
also in monitoring and successful execution 
of the intricate hand movements in daily life 
that previous to the successful experience 
of reconstructive surgery in leprosy most 
hand surgeons were reluctant to operate on 
a hand with total sensory loss. Well estab- 
lished sensory loss cannot be restored, only 
the motor coarse movement pattern can be 
restored by reconstructive surgery of para- 
lytic deformity: Other measures are, training 
on how to use the anaesthetic limb and provi- 
sion of protective gloves and footwear. 


All these measures are costly, demand well 
trained personnel, are time consuming and 
are not always successful. Reconstructive 
surgery’s success, apart from the quality of 
the surgical team, depends on how old, how 
chronic the deformity is, on the absence of 
joint stiffness and other complications. Its 
availability is also restricted. Preventive 
treatment of deformity involves—early detec- 
tion of neuritis with or without deformity, 
availability of drugs (Thalidomide is available 
with difficulty, Clofazimine is costly, corti- 
coids are double edged weapons and need 
great care in their use), availability of a 
Surgeon who has to have the same skill but 
less training than that required for recons- 
tructive surgery, low cost in hospitalisation 
and last but the most important is awareness 
that deformity can be prevented; nerve in- 
volvement and damage can be reversed pro- 
vided the cases are seen early, examined and 
detected early and treated early. 


PRESENT STATUS OF NERVE SUR- 


GERY 


Reasons for Controversy 


There are conflicting claims, differing 
operative procedures, inadequate corelation 
with the type of leprosy, insufficient follow-up 
and differing criteria of assessing the im- 
provement of nerve function all of which 
generate controversy. As Dr. Antia points 
out (1973) ... “One of the reasons for such 
varied results (of surgery) may be an in- 
adequate appreciation of the existing patho- 
logy and of the physical factors responsible 
for nerve damage. These vary with the type 


of the disease and with the stage, in the same 
individual”’. 
two comparable cases of nerve trunk involve- 
ment in leprosy because of the extreme 
variegated pattern of the disease and its mani- 
festations, and the known occurance of re- 
lapses and exacerbations in the lepromatous 
side of the disease. Even the two ulnar 
nerves of the same patient are rarely compar- 
able, either only one is involved or if both, 
the degree of involvement is different. The 
skin lesions and the nerve lesions do not also 
necessarily show identical histological pattern 
in the same patient. Finally, one cannot be 
certain if a nerve would have recovered with- 
out treatment, with medical treatment, or with 
medical treatment and surgery. A solution 
of this problem can only be by maintaining 
detailed records of a large number of cases 
over a long period so that there is a long- 
term follow-up; an adequate number of com- 
parable cases may then be found to arrive at 
satisfactory statistical conclusion. This will 
necessitate a prospective study done at 
different centres, the data then being pooled 
for statistical analysis. This will be a long- 
term project. Pending the above, the bene- 
fits of the present knowledge should be ex- 
tended to all patients. 


SUMMARY OF RECENT WORK ON 
PREVENTION OF NERVE DAMAGE IN 
LEPROSY 


The results of treatment to prevent or re- 
verse nerve damage in leprosy, considering 
some of the recent work, are as follows: 


Roy E. Pfaltzgraff has shown (1972) 70% 
improvement in the B.T. group and 52% 
in the B.B.—B.L. group of patients treated 
with Clofazamine and Prednisolone. Karat 
(1973) has also shown similar results, in all 
types of leprosy. Carayon (1973) has 
demonstrated recovery in .79% of cases 
operated within 3 months and in 65% when 
operated within the first 6 months. N. 
Pandia and Antia (1975) have obtained sen- 
sory recovery in 91% of their cases of which 
50% had total recovery, and motor recovery 
in 76% of which 12% had total recovery. 
My own results are: in the patients treated 
during 1970-1975 medically, the results are 
in T.T.—B.T. group there is 80% recovery 
in motor and 66°% in sensory nerve function; 
in the B.B.—B.L. group both motor and 
sensory recovery is 70%, while in the L.L. 
group in 58% there is sensory and motor 


Then it is very difficult to find 


recovery. In the surgically treated patients 
(who ofccurse, had medical treatment also) 
in the T.T.—B.T. group, there is motor 
recovery in 65% and-sensory recovery in 
45%. In the B.B.—B.L. group, the figures 
are similar. In the L.L. group, there is 
motor recovery in 77% and sensory recovery 
in 68%. This shows that recovery has been 
maximum in the T.T.—B.T. group in cases 
treated with medicines alone while the cases 
who had surgery in addition, when indicated, 
showed maximum recovery in the L.L. 
group. In all these cases surgery was done 
when indicated by the presence of signs, men- 
tioned previously, continuing or increasing 
in intensity inspite of medical treatment 
(Figs 7 & 8). Carayon (1977) agrees that the 
B.T. group shows excellent recovery with 
medical treatment and surgery in these cases 
is rarely indicated, except when there is an 
acute sudden progression of nerve damage as 
seen in the case of a nerve abscess. 


There is a positive corelation found by all 
workers between the incidence of recovery 
and the duration of nerve damage. The 
above data quoted is predominently for the 
ulnar nerve. I have had recovery in 75% 
of cases after median nerve decompression. 
All the recoveries were in cases operated 
within 2 months of paralysis. In the case of 
the median and lateral popliteal and posterior 
tibial nerves, there is even more urgency for 
early measures since the blood supply of 
these nerves is earlier affected. In case of 
the lateral popliteal nerve the blood vessels 
are often compressed against the bone by the 


nerve because of anatomical relationships. 


The incidence of nerve recovery reported for 
the posterior tibial nerve is low (6 recoveries 
reported by Carayon) because early operation 
was not done, the surgery of the posterior 
tibial neuromuscular complex being aimed 
for a long time at improving blood supply to 
the foot in the treatment of plantar ulcers. 


My own recent experience of operating on 
early posterior tibial nerve paralysis is very 
encouraging. Out of 10 posterior tibial nerve 
decompressions done in early nerve paralysis 
this year there has been sub-total recovery 
of sensation in 7. Since loss of sensation on 
the sole of the foot and the slowly increasing 
poserior tibial nerve pain often goes un- 
noticed, the patient does not report early 
enough. Creating awareness that nerve 
involvement if detected early can be relieved 
by prompt treatment is the only way to get 
early cases. 
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Figure 7. Preoperative photograph (A) Open hand, (B) Side view, (C) Attempted lumbrical position showing 
deformity of ulnar nerve paralysis and (D), (E) & (F) photographs 2 years after nerve decompression and 
fascicular neurolysis demonstrating complete nerve recovery being maintained. The type of disease was L.L. 


and duration of ulnar paralysis 2 months 


8C 


8D 


Figure 8. Preoperative (A) & (B) and two year postoperative (C) & (D) photographs of a L.L. patient with ulnar 

median paralysis, showing full recovery, after ulnar and median nerve decompressions, being maintained. Note 

the deformity and wasting of the hand in (A & B) and the normal hand and thumb (C & D). The ulnar nerve 
paralysis was of 7 months duration and the median nerve partial paralysis of 2 months duration. 


CONCLUSION 


Preventive nerve surgery is based on sound 
scientific principles; the benefits are outstan- 
ding, but its scope is not yet well recognised. 
The prevention of deformities by medical and 
surgical measures is today possible and this 
knowledge has to be extended to all concerned 
in the field. 


The priorities in the leprosy control and 
treatment programme have to be reviewed 
and a place found therein for a programme of 
preventive rehabilitation. This will  essen- 
tially imply early detection of nerve damage 
in the field, referral of these patients to a base 
hospital where together with minimal hos- 
pitalisation required the nerve damage will 
be assessed and the needed treatment 
instituted. Thus early nerve damage will 
get treated before the patient gets dehabilitated 
because of the deformities and ulcerations 
subsequent to nerve damage. Minimal nerve 
surgery can be done at any hospital. These 
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measures alone can reduce by half the number 
of patients that would need reconstructive 
surgery and rehabilitation later on. 
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IMMUNOTHERAPEUTIC APPROACHES TO LEPROSY— 
PERSPECTIVES AND POTENTIAL HAZARDS 


WARD E BULLOCK 


I, WHY THE NEED FOR AN IMMUNO- 
THERAPEUTIC APPROACH TO LE- 
PROSY ? 


The introduction of diaminodiphenylsulfone 
(DDS) as a cheap and effective drug for treat- 
ment of leprosy has done much to dispell the 
therapeutic gloom that prevailed prior to 
1948. However, it is too much to expect that 
DDS or any other single agent can consist- 
ently render non-viable all Mycobacterium 
leprae in patients who are highly bacilliferous. 
In fact, relapses due to the appearance of 
DDS-resistant M. Jeprae were first detected 
in 1964 and since then, the prevalence of 
resistance has been increasing. In Malaysia, 
at least 2.5° of lepromatous patients treated 
with DDS harbor organisms resistant to this 
drug and in Ethiopia, approximately 15% of 
treated patients are estimated to have resistant 
leprosy bacilli (1). 


Important new drugs such as rifampin and 
B-663 now permit combination antibiotic 
therapy to reduce the probability that some 
of the M. Jeprae in lepromatous patients will 
become drug resistant. However, there is the 
added problem that viable bacilli can persist 
in tissues for long periods even in the pre- 
sence of DDS and rifampin therapy to which 
the organisms may remain quite sensitive (1). 
This persistence of drug-sensitive M. leprae 
can be likened to a state of “bacterial hiber- 
nation” in which the metabolic functions of 
the bacillus are so slow that conventional 
combinations of antibiotics become extremely 
inefficient at interrupting these processes. 
Thus, unless host defense mechanisms are 
capable of eradicating these sleeping bac- 
ria, there is the chance that some may reacti- 
vate an infection when the pressure of anti- 
biotics is removed. Unfortunately, the host 
response of lepromatous patients is poor and 
they tend to relapse at rates varying from 
approximately one to six percent per year (2). 
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The question then is how to assist patients 
in ridding themselves of M. leprae in the situa- 
tion where one may be dealing with organisms 
resistant to multiple drugs or with drug-sensi- 
tive persistors. Certainly, the discovery of 
new chemotherapeutic agents may assist in 
this task. However, it would be a superb 
achievement if in some way we could stimulate 
the cell mediated. immunity (CMI) of lepro- 
matous patients to the point where it could 
dispose of the leprosy bacillus efficiently. 


To date, all attempts to improve the immune 
response to M. /eprae in lepromatous patients 
have been somewhat simplistic since we don’t 
yet fully understand the extraordinary com- 
plexities of the human host defense against 
facultative or obligate intracellular pathogens. 
What is known about such infections is that 
macrophages derived from circulating blood 
monocyte precursors, and lymphocytes, are 
pivotal to the defense. In leprosy, defective 
function of both cell types has been reported. 
Some have claimed that there is a specific 
defect in the capacity of macrophages from 
lepromatous patients to kill and digest M. 
leprae (3). Others have presented evidence 
against this claim suggesting indirectly that 
the fundamental defect may be found within 
the thymus-dependent (T)-lymphocyte or at 
the level of cell-to-cell cooperation between 
T-lymphocytes and macrophages (4). 


Many studies have shown that patients 
with lepromatous leprosy are generally skin 
test negative to Dharmendra or Mitsuda 
preparations of M. leprae. Furthermore, 
T-lymphocytes from lepromatous patients do 
not “recognize” antigens of the leprosy bacil- 
lus as shown by a failure to undergo blast 
transformation when exposed to M. /Jeprae in 
the test tube. In attempting to interpret these 
results, some have argued that lepromatous 
patients have lost completely (clonal deletion) 
the specific types of T-lymphocytes needed for 


defense against the leprosy bacillus. Others 
suggest that these cells are not lacking but may 
have been “turned off” either by the presence 
of too much antigen or by the action of other 
immunoregulatory cells i.e. “suppressor 
cells’, that may have been powerfully stimu- 
lated to suppress normal T-lymphocyte or 
macrophage function in the face of chronic 
active infection. 


Additional perturbations of immune func- 
tion have been observed among lepromatous 
patients and/or in experimental models 
of leprosy that may contribute to the dys- 
function of CMI. These include the presence 
of circulating humoral factors that are in- 
hibitory to T-lymphocyte function and ele- 
vated serum levels of a chemotactic inacti- 
vator. The latter directly inactivates various 
chemotactic factors that appear to be impor- 
tant in attracting different types of leukocytic 
cells to a site of infection or foreign protein 
(antigen) deposition. Still another mecha- 
nism by which the immune responses of lepro- 
matous patients may be impaired relates to 
possible disturbances in the traffic of 
T-lymphocytes. T-lymphocytes normally re- 
circulate continuously through the body from 
the blood through lymph nodes and thence 
back to blood via the thoracic duct. T-cells 
also recirculate through the spleen. This 
extensive trafficking of T-lymphocytes is be- 
lieved to serve an important role in bringing 
immunocompetent cells to local areas contain- 
ing foreign (antigenic) materials or infection. 
Recirculation therefore allows specifically 
sensitized cells within the body to reach a 
particular trouble spot. Here, they multiply 
and attract other cells especially those of the 
monocyte-macrophage series to join in the 
attack upon foreign material. In experi- 
mental animals with severe mycobacterial 
infection resembling lepromatous leprosy, 
there is marked disruption of the normal 
lymphocyte recirculation secondary to exten- 
sive trapping within the spleen and lymph 
nodes (5). This type of cell traffic disturbance 
may also occur in humans and could interfere 
with the proper function of CMI. 


Il. IMMUNOTHERAPEUTIC AGENTS 
A. BCG and Corynebacterium parvum 


Despite our incomplete understanding of 
the multi-factorial disturbances of immune 
function associated with leprosy, an era of 
immunotherapy has begun and pilot studies 
with several approaches have been initiated 


or are in planning stages. The first type of 
immunotherapy to be considered seriously for 
lepromatous leprosy was the use of an 
immunological adjuvant. 


During the 1950’s, several workers con- 
firmed the fact that vaccination of lepro- 
matous patients with the bacillus Calmette- 
Guerin (BCG) could convert the Mitsuda 
skin test from negative to positive in up to 
50% of cases. Furthermore, the histological 
appearance of the skin reaction to lepromin 
injection is frequently improved after BCG ; 
the granulomatous reaction often bears tuber- 
culoid features of increased lymphocyte in- 
filtration and giant cell formation. These 
features are not found in biopsies of lepromin 
test sites taken prior to BCG vaccination. 
Skin test reactivity to lepromin after either one 
or two vaccinations with BCG does not persist 
and reverts to negative in less than five months 
in most cases. 


The waning of lepromin reactivity plus a 
lack of demonsirable clinical improvement in 
lepromatous patients after BCG vaccination 
led to abandonment of this approach. How- 
ever, an important series of observations by 
Dr. George Mackaness and his co-workers 
during the 1960’s has led to a renaissance of 
interest in BCG as an immunopotentiating 
agent. These workers determined that induc- 
tion of a cell-mediated immune response in 
experimental animals to a specific pathogen, 
for example, Listeria monocytogenes, also 
caused a transient increase in resistance to 
infection by other facultative intracellular 
micro-organisms such as Salmonella enteritidis. 
Rechallenge of animals recovered from Liste- 
ria infection with a second injection of Listeria 
resulted in more rapid destruction of 
organisms as the result of a specific CMI re- 
action. If animals recovered from the primary 
Listeria infection were challenged subsequently 
with S enteritidis, elimination of these orga- 
nisms was not accelerated. Conversely, if 
animals with previous Listeria infection were 
rechallenged simultaneously with Listeria and 
S. enteritidis then the elimination of both 
organisms was accelerated. 


These findings indicate that during an active 
cell-mediated immune response to a specific 
infecting organism, there is concurrent stimu- 
lation of a more generalized cellular immune 
response that can act non-specifically against 
pathogens of different species. The cell ulti- 
mately responsible for destruction of micro- 
organisms in experiments described above is 
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the macrophage. In states of heightened 
CMI, the macrophage is ‘‘activated” to in- 
creased phagocytic, bactericidal and cyto- 
toxic activity by mediator substances called 
“lymphokines” that are released from sensi- 
tized T-lymphocytes after contact with a 
specific antigen. 


In human disease, efforts to boost the non- 
specific component of CMI have been most 
extensive in the field of oncology. By giving 
repeated injections of living BCG to certain 
cancer patients, it is hoped that there will be 
sufficient non-specific stimulation of macro- 
phage cytotoxicity to kill malignant cells (6). 
At least in theory, it seems reasonable to 
approach generalized intracellular infections 
in a similar fashion. Thus, if a strong cell- 
mediated immune response to BCG could be 
induced repeatedly in patients whose macro- 
phages are ineffectual against an intracellular 
pathogen, then it may be possible to increase 
killing of this pathogen secondary to the non- 
specific macrophage activating effects of BCG. 
Of interest is one reported study in which 
lepromatous patients with a low Bacterial 
Index after years of sulfone treatment were 
given an intradermal injection of killed M. 
leprae (7). M. leprae were cleared very poorly 
from the injection site during an observation 
period of 30 days. However, if the same 
number of M. leprae were admixed with BCG 
Organisms or other mycobacteria and injected 
into another site, the local deposit of leprosy 
bacilli was cleared by a granulomatous re- 
action containing lymphocytes, epithelioid 
cells, and some giant cells. Though un- 
confirmed, this report provides an additional 
stimulus for controlled studies to assess the 
immunotherapeutic effects of giving BCG 
repeatedly by scarification over several 
months. 


A priori, it seems that patients capable ot 
converting their tuberculin skin tests to posi- 
tive after BCG vaccination might stand a 
better chance of reducing a large load of 
leprosy bacilli through BCG _ induced 
T-lymphocyte stimulation of macrophage acti- 
vity than those who do not. Unfortunately, 
cell-mediated immune function may be de- 
pressed non-specifically in significant numbers 
of patients with advanced 
leprosy. Thus, the probability of converting 
these patients to tuberculin positivity may be 
diminished. On the positive side, however, it 
appears that the non-specific depression of 
CMI is frequently reversible after a year or 
more of effective anti-leprosy chemotherapy 
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lepromatous - 


(8). Intensive BCG therapy therefore may 
hold more promise as a means for augmenting 
chemotherapy at a time when the bacterial 
load has been reduced considerably. By 
propitious timing of immunotherapy it may be 
possible to destroy the population of microbial 
persistors that appear to be responsible for 
many of the relapses observed after cessation 
of conventional chemotherapy. 


It must be emphasized that intensive BCG 
therapy is not without hazards. Systemic 
reactions to this type of treatment consist of 
fever, chills, anorexia, and myalgias. These 
oceur within four to six hours after injection 
and generally subside within 36 to 48 hours 
but may last longer. Hepatic dysfunction 
with jaundice, granulomatous hepatitis, and 
disseminated BCG infection have been repor- 
ted (7). In leprosy patients there is the 
added hazard that if BCG should augment 
CMI to M. leprae, nerve damage might ensue 
subsequent to activation of the inflammatory 
response within nerve lesions. Likewise epi- 
sodes of erythema nodosum leprosum (ENL) 
may be triggered. These concerns of course 
apply to any type of immunostimulatory 
therapy that may be attempted in leprosy 
patients. 


Because of problems encountered with 
living BCG in tumor immunotherapy, many 
treatment centers are now utilizing the adju- 
vant properties of another organism, Coryne- 
bacterium parvum for immunotherapy. This 
organism can be given intravenously in killed 
form and has been better tolerated in man and 
experimental animals. Whether C. parvum 
therapy will produce acceptable clinical results 
has not yet been fully determined. Above all, 
it must be remembered that one is brandishing 
a two-edged sword when treating intensively 
with C. parvum or BCG. Without doubt, 
immune responses can be stimulated by appro- 
priate dosages of either adjuvant, however 
there is also clear evidence that administration 
of BCG or C. parvum may actually depress 
cellular immune function in some cases. The 
mechanism by which these agents may depress 
CMI is unclear but there is some evidence to 
suggest that with intensive antigenic stimu- 
lation of this type, homeostatic control mecha- 
nisms may be activated to gnerate suppressor 
cell populations which act to dampen the 
CMI response. 


B. Drug Therapy 


Currently there is some enthusiasm for 
therapeutic trails of the chemically defined 


compound levamisole (Katarax®) to augment 
the immune response. This antihelminthic 
drug given in a dosage of 150 mg per day 
for three days has been shown to restore cuta- 
neous delayed hypersensitivity in some anergic 
patients with cancer (9). Jn vitro, levamisole 
has been found to increase the percentage of 
T-cell rosette formation* by lymphocytes 
obtained from normals and patients with 
Hodgkin’s Disease. The action of levamisole 
is complex and not entirely understood. 
However, because T-lymphocyte function as 
well as that of macrophages may be improved 
by its action, levamisole is undergoing evalua- 
tion aS an immunopotentiating agent in the 
treatment of cancer. 


The rationale for a similar trial of this drug 
in leprosy is obvious, and studies are under- 
way in several countries. In one _ well- 
controlled study, levamisole treatment was 
found not to increase the intensity of Fernan- 
dez or Mitsuda reactions in lepromatous 
patients (10). It might be said in passing that 
the author has attempted to treat rats heavily 
infected with M. lepraemurium using levami- 
misole for long periods but no significant 
reduction in bacillary load or in mortality 
was achieved. Although levamisole appears 
to be a reasonably safe drug, severe side effects 
have been reported in cancer patients. These 
include central nervous system disturbances, 
severe skin rashes, reversible agranulocytosis 
and a flu-like syndrome (11). 


C. Thymic Hormones 


The thymus is necessary for normal differen- 
tiation and maturation of T-cells that are 
fundamental to the expression of CMI. One 
way the thymus effects the maturation of 
T-lymphocytes is through the secretion of 
hormones. The first of these was discovered 
about eleven years ago by Drs. Allan Gold- 
stein and Abraham White who called it 
“thymosin”. Thymosin is a partially purified 
preparation obtainable from the thymus 
glands of a number of animals and its effects 
are not species specific. The mechanism of 
thymosin’s action is not completely under- 
stood however it appears to convert immature 
T-cells into mature forms that are immuno- 
logically -competent. In certain cases of 
congenital thymic dysfunction frequent 
administration of thymosin can maintain 
T-cell count in peripheral blood at near nor- 


mal levels and can correct some but not all of 
the deficient immune functions (12). 


Patients with cancer frequently suffer from 
deficiencies of CMI, and the absolute number 
of T-lymphocytes (SRBC-rosetting cells) in 
their peripheral blood may be low. Jn vitro, 
addition of thymosin to blood lymphocytes 
from some of these patients produces a rapid 
increase in the number of rosetting cells. 
Because of the above findings, a major study 
is underway in the United States to determine 
the safety of thymosin therapy and to learn 
what benefit, if any, it may provide to patients 
with cancer and certain immunodeficiency 
diseases. 


There is also justification for carefully con- 
trolled studies to determine if thymosin or 
other thymic hormones might prove beneficial 
to patients with lepromatous leprosy, especi- 
ally to those in whom the absolute number of 
blood T-lymphocytes is abnormally low (13). 
The desirability of a thymosin trial in leprosy 
patients is underscored by a recent report that 
the inexorable progression of an experimental 
infection with viable BCG in T-cell depleted 
mice can be prevented by intensive thymosin 
therapy of the immuno-depressed animals 
(14). 


D. Lymphocyte and Transfer Factor 
Therapy 
Over twenty years ago, H. Sherwood 


Lawrence and associates determined that, in 
humans, viable blood leukocytes are effective 
in the transfer of delayed cutaneous sensitivity 
to tuberculin and to streptococcal antigens. 
Subsequently, Dr. Lawrence found that 
extracts of human leukocytes obtained by 
freezing and thawing or by osmotic lysis were 
as effective as intact viable cells in transfering 
systemic states of delayed hypersensitivity that 
persisted up to two or three years. This 
active material he called transfer factor (TF). 
Although it is now known that TF is a product 
of lymphocytes, the nature of this product has 
not been fully determined. For this dis- 
cussion it will suffice to mention that TF is a 
soluble, dialyzable material with a molecular 
weight of less than 10,000 that can be freeze- 
dried to retain potency for at least five years. 
TF does not induce antibody formation 
against itself in the recipient even after repea- 
ted injections. 


BUSTS OSIRIS SRG Se a REE i SS SRE ES 2 
*Non-specific, spontaneous formation of rosettes with sheep red blood cells by lymphocytes is a commonly used 


marker for the T-cell sub-population in humans. 
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Transfer factor was poorly received by the 
scientific community for many years because 
it was not possible to demonstrate the transfer 
phenomenon in any animal but man and 
because evidence for activity was restricted to 
the reading of skin tests only. Nevertheless, 
clinicians were attracted to the idea that TF 
might be of benefit in treating immuno- 
deficiency disorders or patients who fail to 
mount an adequate cell mediated response to 
serious infections with intracellular pathogens. 


In 1968, the author began studies of TF 
therapy in leprosy (15). During these studies, 
Paradisi et al. reported successful conversion 
of the Fernandez reaction to positive in four 
of 13 lepromatous patients to whom they had 
given approximately 2 < 10° viable leukocytes 
from donors who were sensitive to lepromin 
(16). Subsequently, we observed conversion 
from anergy (lack of skin reactivity) to weak 
skin test positivity to M. leprae (Dharmendra 
preparation) in six of nine patients given 
4.1 x 108 lymphocytes or TF from equivalent 
cell numbers donated by individuals reactive 
to M. leprae. In six patients, positive skin 
reactions were elicited at test sites remote 
from the injection of TF or cells indicating 
that a state of systemic hypersensitivity had 
been induced. In a seventh patient, a positive 
skin test was induced only locally at the site of 
TF injection. No long term clinical benefit 
resulted from the TF or cell injection. Never- 
theless, five patients experienced significant 
inflammatory changes within their skin lesions 
that were characterized by increased erythema 
and induration. In two of three cases from 
whom skin biopsies were obtained before and 
after administration of TF, there was an in- 
flux of lymphocytes in the post TF specimen. 
These “flare’’ reactions were of short duration 
(seven to 12 days). However, they were very 
similar to the more permanent reversal reac- 
actions that arise spontaneously in some 
patients after prolonged antibiotic therapy 
and are regarded as a harbinger of clinical 
improvement. 


Silva et al. failed to transfer sensitivity to 
M. leprae with TF or ribonucleic acid from 
lymphocytes of skin test positive donors 
although reactivity to other antigens was 
transferred successfully in some cases (17). 
Antia and Khanolkar treated each of seven 
lepromatous patients with 1.2 x 10® lymph 
node cells from a lepromin positive donor 
(18). Neither the Fernandez nor the Mitsuda 
test was converted to positive although sub- 
stantial increases in the lymphocyte response 
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(blast transformation) to lepromin were 
observed in two cases 48 hours after cell 
transfer. Conversely, Mendes et al. were 
successful in transferring lepromin sensitivity 
(positive Fernandez and Mitsuda reactions) 
to three of seven lepromatous patients by 
giving viable leukocytes from sensitive donors 
(19). Using a single injection of TF prepared 
from patients with tuberculoid leprosy, Han 
and Weiser converted three of four leproma- 
matous patients to cutaneous reactivity 
against lepromin (Wieiser, R. R., personal 
communication). 


Recently, Hastings et al. have employed 
multiple doses of TF given three times weekly 
for twelve weeks (one dose equivalent to 
2 x 108 lymphocytes) to treat three patients 
with advanced lepromatous disease (20). 
Each patient developed the “flare reactions” 
previously described. These reactions persis- 
ted throughout the course of TF therapy and 
abated when treatment was discontinued. 
Biopsies of the reactional skin areas revealed 
an influx of lymphocytes within the granu- 
lomata and the rate of fall in the Bacterial 
Index was accelerated. Unfortunately, the 
accelerated fall in Bacterial Index did not 
persist after discontinuing TF. Furthermore, 
TF did not significantly reduce the percentage 
of dermis involved by granulomata. 


These findings are intriguing, especially the 
ability to induce transient ‘flare reactions” 
and skin test conversion to Dharmendra 
lepromin. On balance, the preliminary evi- 
dence suggests that reduction of the antigenic 
load by intensive chemotherapy followed by 
repeated doses of transfer factor may prove to 
be an effective means of helping patients to 
gain and maintain a more effective immune 
response against M. leprae. The need for 
reduction of antigenic load and repeated TF 
administration is underscored by reports of 
dramatic but very temporary improvement 
(three to five months) in patients with another 
chronic infection known as muco-cutaneous 
candidiosis who are given single doses of TF. 
However, if the antigenic load provided by 
chronic infection with Candida albicans is first 
reduced by amphotericin B therapy, repeated 
administration of TF may be successful in 
maintaining prolonged remissions. Together 
with the somewhat encouraging results of 
studies on TF therapy for systemic coccidioi- 
domycosis, a serious mycotic infection, the 
preliminary experience in leprosy suggests the 
time is at hand for conduct of well-controlled 
double-blind studies on the value of intensive 


TF therapy in leprosy and other serious intra- 
cellular infections. 


The cumulative experience with TF therapy 
is considerable yet very few adverse effects 
have been reported. Serious complications 
have been reported after TF therapy in two 
isolated cases, each involving a different type 
of congenital immunodeficiency (21,22). The 
first patient developed an autoimmune hemo- 
lytic anemia after multiple doses of TF. In 
the second, there was an uncontrolled proli- 
feration of antibody producing lymphocytes 
(B-cells) after TF. It is uncertain whether 
these complications were actually caused by 
TF since patients with either type of immuno- 
deficiency are prone to spontaneous occur- 
rence of the disorders described. Perhaps the 
side effect of TF to be most feared in leprosy 
would be activation of an acute, disabling neu- 
ritis and/or ENL as a result of the improved 
inflammatory response to M. leprae. In the 
very limited experience to date, increased 
nerve dysfunction has not been a significant 
problem during TF therapy, but ENL of 
modest severity may be precipitated. In 
addition, fever, increased nasal congestion, 
lymphadenopathy, arthralgias and atypical 
lymphocytes in peripheral blood have been 
observed in association with TF therapy of 
leprosy patients (15). 


Two major questions regarding TF are 
unresolved. First, it is not known if TF acts 
specifically by transferring immuno-reactivity 
only to antigens that have sensitized the cell 
donor or if it acts non-specifically as a type of 
immunological booster or adjuvant. The 
issue is of considerable practical as well as 
theoretical importance for if TF does prove 
to be a reasonable therapeutic agent and its 
action is nonspecific, then the supply of useful 
TF would be greatly expanded through use of 
frozen blood bank leukocytes from normal 
donors. In addition, cost, a major consi- 
deration in the therapy of leprosy, would be 
greatly reduced if blood bank leukocytes 
could be used. The second unresolved ques- 
tion is how TF works. Hopefully, answers 
should be forthcoming within the reasonably 
near future since techniques are now available 
for studying the activity of TF on isolated cell 
populations in the test tube. Furthermore 
transfer factor-like activity has been found in 
the leukocyte extracts from several animal 
species and these substances are under inten- 
sive investigation in parallel with human TF. 


E. Massive Infusions of Allogeneic Cells 


In 1972 Lim et al. published the results of a 
therapeutic endeavor in which leprosy patients 
were given massive intravenous infusions of 
peripheral blood leukocytes from unrelated 
donors who apparently were normal (23). 
The patients received as many as ten weekly 
infusions, each containing more than 1 x 10° 
cells. In three cases of lepromatous leprosy 
the authors claim to have observed dramatic 
improvement with 1) disappearance of the 
myriads of acid-fast bacilli in lymph nodes and 
skin, 2) substantial replacement of foamy 
macrophages (Virchow cells) within diseased 
lymph nodes by sheets of normal appearing 
lymphocytes and 3) cessation of ENL reactions 
to chemotherapeutic drugs. All of these 
changes are said to have occurred within 13 
weeks after the inauguration of leukocyte 
transfusions. To date, these claims have not 
been confirmed by other investigators and the 
authors have provided no long-term follow-up 
of the original study. 


Saha et al. treated five patients with some- 
what smaller numbers of allogeneic* cells and 
noted a decrease in ENL activity in two of the 
three lepromatous patients (24). One patient 
with borderline lepromatous and one with 
tuberculoid leprosy who had _ developed 
‘“‘severe reactions’ to DDS became more 
tolerant to the drug during and shortly after 
the period of leukocyte infusions. Bacterio- 
logical and histological improvement was 
observed after five months in two of the three 
lepromatous patients. Of these two, the 
patient showing greatest improvement was 
also treated with unknown quantities of DDS. 


The dramatic report of Lim et al. and that 
of Saha et al. provoke speculation as to just 
how infusion of allogeneic cells in large num- 
bers might benefit leprosy patients. First, it is 
possible that the infused lymphocytes them- 
selves were able to survive long enough to 
mount an immune response before being 
killed by the recipient. Alternatively, if the 
infused cells were promptly killed, a consi- 
derable quantity of TF and/or lymphokines 
may have been released to stimulate the reci- 
pient’s own immune cells. A more probable 
explanation is that allogeneic lymphocytes 
within the infusions reacted against immune 
cells of the recipient in such a way as to actu- 
ally stimulate a non-specific increase in the 
immune response to antigens of M. leprae. 
This so-called ‘‘allogeneic effect’ has been well 
described in animals and has been shown to 
increase resistance to infection with intra- 


ec ee eee 
* The terms ‘‘allogeneic”’ in this case denotes leukocytes that are of the same species but antigenically unrelated. 
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cellular pathogens such as L. monocytogenes 
or Salmonella typhimurium (25). The mecha- 
nims by which a graft versus host reaction 
can stimulate the host’s immune function is 
complex in that it may potentiate the function 
of B-cells, T-cells, and macrophages as well 
(26). 


As attractive as the concept of a dramatic 
reversal in the clinical course of lepromatous 
leprosy may be, the administration of massive 
allogeneic cell infusions to leprosy patients is 
fraught with serious ethical and practical 
considerations. Unlike TF therapy, massive 
infusions of leukocytes from different donors 
is certain to transmit type B hepatitis in signi- 
ficant numbers of cases. Although acqui- 
sition of hepatitis can be diminished by rigid 
screening of donors for HB, antigenemia, 
hepatitis transmission will still occur. The 
prospect of infecting lepromatous patients 
with type B hepatitis virus is of special con- 
cern since some studies have reported an 
increased prevalence of chronic HB, anti- 
genemia among these individuals possibly as 
a consequence of the non-specific depression 
of CMI often associated with lepromatous 
disease (27). In addition, recipients of leuko- 
cytes will be subjected to the risk of acquiring 
other infectious diseases especially those 
caused by latent viruses such as Herpes and 
Cytomegalovirus. | , 


Another major concern is the possibility 
that large numbers of infused lymphocytes 
may mount a graft versus host reaction far in 
excess of that required to augment host cell 
reactivity. Severe graft versus host reactions 
are frequently encountered in _ severely 
immunosuppressed patients who lack compe- 
tent immune cells to fight back and destroy 
the invading donor cells. The clinical pic- 
ture is typically one of severe skin rash, hepa- 
tic dysfunction, intestinal involvement with 
diarrhea and further depression of the host’s 
already limited immune function (28). Death 
is common unless the invading cells are des- 
troyed or a state of chimerism can be achieved. 
Lim did not observe dangerous graft versus 
host reactions among his patients probably 
because the non-specific impairment of CMI 
in lepromatous leprosy is much less severe 
than encountered in congenital immuno- 
deficiency diseases or among patients under- 
going intensive immunosuppressive therapy. 
Nevertheless, the risk is real of inducing a 
harmful graft versus host reaction in patients 
with lepromatous leprosy and cannot be dis- 
missed especially in those who have been 
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treated chronically with substantial doses of 
steroids for ENL. 


lil. CONCLUSIONS 


In conclusion it can be said that the long 
range outlook is fairly good for development 
of effective immunotherapeutic approaches to 
leprosy. Immunotherapy may prove quite 
valuable in reducing the rates of relapse caused 
by M. leprae that are capable of surviving as 
persistors throughout long courses of chemo- 
therapy. Current approaches to the immuno- 
therapy of leprosy are far in advance of what 
we actually know about the complex mechani- 
nisms of immunity to this chronic intracellular 
infection. Therefore, tomorrow’s approaches 
may well differ considerably from those of 
today. 


A hint of new approaches to immuno- 
therapy that may be yet to come is provided 
by the rapidly expanding knowledge of feed- 
back suppressor mechanisms in animals and 
man. ‘These suppressor mechanisms function 
to control the immune responses so that they 
do not continually over-respond to the barrage 
of immunostimulants present in our environ- 
ment. Many of the suppressor control func- 
tions are mediated by a sub-population of 
T-lymphocytes commonly called ‘suppressor 
T-cells”. Already, there is evidence in man 
that chronic intracellular infections can be 
associated with excessive T-cell suppressor 
activity (29). Whether the excess suppressor 
activity may contribute to the disease chroni- 
city and to the generally poor cell-mediated 
immune responses of these patients remains 
to be seen. 


In our laboratory we have observed power- 
ful suppressor cell activity in experimental 
mice infected with M. lepraemurium (30). 
Actually we have detected two separate 
suppressor cell populations that are active in 
infected animals. The first is composed of 
macrophage-like cells that are activated to 
suppressor activity during early infection. 
These cells continue to act as suppressors 
throughout the course of infection until death. 
The second population of suppressor cells 
consists of T-cells that become very active 
after the tenth week of infection. Currently, 
we and others are studying humans with 
disseminated intracellular infections to define 
the nature and extent of suppressor cell acti- 
vity. Should ‘overstimulation’ of suppres- 
sor cell activity be detected in these patients 
and proved to be of functional significance, it 


is clear that the thrust of experimental 
immunotherapy may be altered considerably. 


The newer immunotherapeutic agents are 
capable of causing harm as pointed out above. 
Therefore the use of these agents must be 
implemented with caution and with reference 
to the best available knowledge of human 
immunobiology. Double-blind control techni- 
ques must be employed wherever possi- 
ble. Last but not least, sophisticated faci- 
lities must be available for treating the un- 
expected complications of immunotherapy 
in volunteers who have been carefully edu- 
cated so that they are capable of giving truly 
informed and voluntary consent to the proce- 
dures of medical exploration. 
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TOTAL POPULATION SURVEY OR INTENSIVE 
HEALTH EDUCATION ? 


DR V EKAMBARAM 


Introduction 


Good health is an essential requisite for 
any human being to lead a happy life and 
hence our ancients have given the science 
of medicine (AYURVEDA) the status of a 
veda. The first sign or symptom of ill- 
health that causes any person to seek the 
advice of a physician is noted first by the 
patient himself and so, to a certain extent, 
varying from person to person, everybody 
knows what is abnormal about one’s health. 
It is also imperative that this awareness should 
be increased and educated in a scientific 
manner. This is true of all diseases that 
cause acute bodily suffering, but then, in 
certain diseases like leprosy, in which, in the 
early stage of the disease, the bodily suffering 
is very little or nil, recognition of the abnor- 
mality of health is missed. Combined with 
this, the common optimism that such diseases 
causing no acute suffering are not serious, 
delays the recognition of the disease till such 
a stage when the disease becomes too 
advanced to be ignored. This is the crux 
of the situation with reference to leprosy. 
Hence it is the aim of this paper to analyse 
how far the creation of an awareness of the 
signs and symptoms of this disease in the 
general public can lead to the recognition of 
the disease by themselves instead of waiting 
till the same is detected by trained health 
workers. 


National Leprosy Control Programme and 
case-detection 


In the 3 principles of the National Leprosy 
Control Programme, case-detection is the 
first one. The age-long belief that leprosy 
means hideous deformities delays the 
recognition of the disease till deformities 
develop. This has resulted in the disease not 
being recognised at the early stages when the 


manifestations consist of patches on the skin. 
This has made the recognition of the disease 
difficult by the public at large and even those 
few, who could recognise the disease early, 
fail to report for treatment on account of the 
stigma attached to the disease. This has 
resulted in the necessity for a survey, by 
trained workers of either total population or 
a sample of the population. But, in 
general, in the areas of the control units, 
where the public have not been taught about 
the early signs and symptoms of the disease, 
very few recognise the disease unless survey 
of the population is done by trained health 
workers. Hence it is obvious that survey 
of a population for leprosy is only necessitated 
by lack of proper health education of the 
community about leprosy. 


Let me discuss the methodology of survey 
and the merits and demerits of survey for 
case-detection work. 


Intensive survey 


Every modern control unit is divided into 
20 sub-centres and a para-medical worker 
is incharge of the intensive control work in 
his sub-centre, which includes survey. 


The population of a sub-centre is about 
20,000 and the paramedical worker can 
devote about 3 days in a week for survey. 
So, to complete the survey in a sub-centre, 
the para-medical worker takes about 2 to 
3 years, if he has to do it by himself (though 
in a few States, team survey is being done, e.g., 
Maharashtra). Hence for one survey to 
be completed, it takes a few years and quite 
a lot of changes (origin of new cases, deaths 
and migration of old cases, immigration of 
new cases) would have happened in the 
interval and so the survey findings are vitiated. 
In addition most of the para-medical workers 
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are young, inexperienced persons, who are 
unable to command the respect and co-opera- 
tion of the villagers and so the survey is done 
with great difficulty and so in an imperfect 
manner. Of course, it is ordered that the 
survey in a village should be preceded by a 
health education meeting carried out by the 
Medical Officer so that the survey work is 
made easy for the paramedical worker. 
But this is very rarely done and hence the 
survey is imperfect. Besides all these, since 
the majority—if not all the para-medical 
workers are males, the examination of women 
is very cursory and so quite a few cases are 
missed. This is specially so in areas 
populated by muslims, where ‘purda’ is 
observed. Besides all these difficulties faced 
by the para-medical worker, there is the diffi- 
culty of even frank hostility from the public 
for survey for leprosy. It is the experience 
of many a para-medical worker—even of a 
senior worker—to come across families, 
who absolutely refuse to be examined, spe- 
cially for leprosy. This is made worse by too 
many workers visiting the villages, for vari- 
ous vertical programmes. 
ing out of survey, by a para-medicai worker 
is so difficult that one wonders if it is worth 
all the energy spent on it (the time and money). 
In addition, quite a few para-medical workers 
are careless in their work. Some are even 
dishonest and hence the survey findings are 
not worth taking into account except in very 
few centres. 


But then, the basic aim of survey is not 
merely detecting patients but also to study 
the epidemiological aspects and to induce 
patients to come for treatment. The 
experience in this direction till now has been 
rather disappointing since the survey is done 
of an unwilling public and a public, who 
rarely believe the findings of a para-medical 
worker with the result that quite a good 
number of such patients—except in few 
centres—do not turn up for treatment and so 
all the energy spent on survey is wasted. 
Due to the difficulties experienced in survey 
enumerated above, the % of population 
examined in the so called total population 
survey is low i.e., about 80° with the result 
that quite a few cases are missed and so, 
such a survey is not worth the energy spent 
on doing it. 

In short, since survey is something forced 
on a public that are generally not aware of 
its significance, since in the majority of the 
areas where survey is done, the public are 
not prepared for this and since there is always 
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In short the carry- | 


a reluctance to be identified as suffering from 
leprosy, except in very few areas where inten- 
sive health education has been done prior 
to survey, the survey findings are not as 
useful as one would expect commissurate 
with the time and energy spent on it. 


In this connection, it is relevant to quote 
from the report on ‘‘Leprosy Control, Pogiri, 
Srikakulam, Andhra Pradesh, India, Jan., 
1962—December, 1966’, the views expressed 
about case-detection by mass survey in 
comparison to. case-detection by health 
education supplemented by contact survey 
and school survey. 


‘*Analysis of standard methods of case-finding 


In order to assess how far the above-men- 
tioned methods of case-finding had been suc- 
cessful in achieving the aim of satisfactory 
coverage of all the existing cases in the popula- 
tion, a coverage study was carried out in 
August, 1964. In the six control units first 
established, a mass survey was carried out 
two years after the start of the work in which 
the whole population of 98,425 was registered. 
In house-to-house examinations, it was possi- 
ble to examine, by a special team of experi- 
enced leprosy auxilliary workers only 60% 
of those who had not yet been examined in 
contact surveys or school surveys or were 
not registered for treatment. A 10% sample 
survey among the 40% absentees at the 
time of this house-to-house survey revealed 
that the rate of leprosy prevalence among them 
corresponded to the prevalence rate in the 
group examined. In this way, a picture of 
the leprosy pattern of this area could be 
formed. From the estimated 4,652 existing 
cases (660 lepromatous), 62% had come 


forward voluntarily, 7% were detected in 


the contact survey and 9% found in the school 
survey. The mass survey added to this figure 
only 13%, leaving 9% undetected. For the 
lepromatous cases this coverage was even 
more striking: 89% voluntary, 3% contact 
survey, 0.3% school survey, making total of 
92.3%. The mass survey could add to this 
only 5% with a remaining 3 % still undetected. 


The mass survey added, in fact, only a 
little to the known case-load. The fact that 
over 90% of the lepromatous cases and 75% 
of the non-lepromatous cases had not only 
been detected but also brougnt under treat- 
ment through the standard methods, is highly 
satisfactory. In this connection, it may be 
mentioned that an analysis of treatment 
regularity in 1965 showed that from the cases 


detected in the mass survey in that year, 
only 25% belonged to the group of regular 
attenders (i.e., attending over 75°% of the 
treatment sessions) compared with 50% of 
the cases detected in the contact survey and 
74% of all the cases detected during that year. 


Furthermore, it may be added that in five 
of the six control units in which this study 
was performed, the mass survey was repeated 
in 1966, after two years. In these five units, 
with a population of 75,177 and a prevalence 
rate, after the first mass survey, of 26.3 per 
mille, the standard methods of detection 
added 13.7 per mille and the second mass 
survey only 1.3 per mille to the prevalence 
rate. This strongly suggests that the pre- 
viously undetected cases have now been 
detected by means of the standard methods, 
especially since the mass survey revealed only 
early cases”’. 


CONCLUSION: 


The data presented in this paper amply 
proves that it is better to utilise health educa- 
tion for case detection than carry out surveys 
of an unwilling and unprepared public. It 
is also evident that those who are able to 
detect the disease in themselves by themselves 
as a result of health education are also better 
motivated to be regular for treatment. But 
then, the important part of this method of 
case-detection is to do effective health educa- 
tion which is suitable to the public for whom 
it is meant. Merely adopting conventional 
methods of health education in a traditional 
manner may not be effective and hence one 
has to carefully and intelligently plan the 
methods of health education so that it could 
achieve the desired results. In addition, the 
ultimate goal for the control of all communi- 
cable diseases should be to involve the commu- 
nity as a whole in the implementation of 
such schemes. 3 


303 


‘ayo SAOAINS JOOYSs ‘ADAINS 49v}JU0D Aq pojuoWTojddns uoNPvoNnps YyIRoYy Aq 
POADIYS 19}}9q SI UOTJDOJOP osvd Jey} SoAOId Jos} sy, ‘ASAINS UY} JOYIO spoyjou Aq ps}o9}0p SOI‘Z] JO [e101 
B JO INO OSI ‘OT SI UONONps YIeOY Jo }nso1 94} se A[qeqoid ‘juOUT}eOI} IOJ ApIeJUNTOA poylodal OYM “ON 94 
“AOAINS UY} JOJO spoyjour Aq pojoojop usd0q savy SOI‘Z] SvoIDyM /1[3‘Q ATUO sI ADAINS SAISUD}UT Aq po}Oo}Op 
sjuoned Jo ‘ON 94} ‘sIvoXk / Jo ported B Ul poyoo}Op s}usT}ed 77 G‘OZ JO [B}0} B JO JNO 3eY} [ “ON 9[GVL, WOI Uses SI 1J— S LNAIWINIOD 


I8€ | 97 | 8zE | Le | 9OTOL | ETL | 7O88 | 189 | 87ST | VS | LSvt |} LI cc60¢ | PITT | ce88l | 986} [BIOL 


wT OO ee i ee ee ee Se — eee (ene leeeeeerneeeeen (emememeeeeen Geen Gee pee Gees beens lee 


g Sih: Sass ECL | Percale, 4 C9G fb EC so Lte SG BkC PBL. | EO 


€ v 
1 os Bo I | 829 PS0 SSS 5) Ge Cb G3} OGESa¢ CLOG. | 2Vi. | IS8E. | ce sce 
v C 


Sc OG) Lf eee GP} IES ee | Se Peo} L69I cost | S9 | VLOl 
SP PE 1 GE] £ POLS EGE | See Sia ce OE tol yet S9VC c6Ic =| OSI | €Lél 
Ere Se. PE POOP a Ee Cee ee SG ot eC eG 8677 tlic | 88 | cLél 
OS FE PCL | Lb 899b FOS 4 REF eet boc) Ph Sheree eg lepe OIE aight CELL 
LET 1-OL } ESE LPL | SOGR | fee | SO8S tere Sel ae hel ae €V89 p9T9 | SLE | OL6I 
‘TOLIIZN! N {| T | TOL ITN IN JT | TOLVIEN N. ! T |] TOLL TEN! N 
B10 
S}ISIA OSPIIIA yudUI}e9I} IOJ A[I1eJUNTOA sjovjuo0s AU}voy Aaaans kg Mir es 

uno sulINg Suljiodai syuoned Ag jo uoneururexe Ag Teak 

ee emt pojooj9p 
NOLLOALAG HO dOUNOS S9SB9 JO “ON [BIOL 


seer ee 
OL6T 0} OL6T Jo polied & ur payda}ap SABI MON] [%IOL 


I ‘ON ATEV.L 


‘MOTAq UDAIS ‘J ‘ON 2[QRL 94} Ul pojussoid si ‘spoyjour 10430 Aq po}oo}ep “ON 94} pue Aoains 
dAIsuaqur Aq pajoojop sjuored Jo ‘ON 9Y} “9°! yoofoid Ino JO YIOM 9} Jo yoodse sry} uo vyep oY} JO sisAjeue IeIIUIIS VW 


939 AJAINS JOINS SMOTBINPY YI[VIH YIM porvduros Aaains Aq 001}99}9p-9SB) 


304 


"Baie oY} UI SADAINS [des WOpuURI YIM HI Suryeyo Aq ‘oa AdAIns 
Jooyss “AsAIns jowjuoo Aq pajyuswiajddns—uonvonps yyeoy Aq woroa}ap asvo Jo poyjou wv YOns Jo AouaIOLyO 
SY} SSOSsB O} 19}]9q 9q P[NOD }I Ing “sasBasIP s[QVOIUNUIUIOD JOYO se [aM se AsoIds] Jo wWeqoid 94} 0} UoNNOs 
A]UO 94} SI JUStUdoOJeAap [eINI poyesso,UT Jo Jed B 9q P[NOYs YOIYM sosvasip sJqvorUNUUIOD JO [OUD ay} JO} drys 
~1OPv9] [BIOOS SYv} 0} oF[qnd oy} Jo UONeATJOW puv UOTeONps YI[eoY 9sud}UT Jey} UOTUIdO oY} Jo ATW we | coud] 
*, AJOJO[AUIOD SISIPJOS 0} IJs] 9q 0} SSOUTSNG B SNOTIIS 00} SI IVAA,,—JLA\ UL S[BIOUDS Jo d[OI dy} JNoge pres ueWSa}eIC 
Jop[o UB JVYM JO SN SUIPUIWOI sosvasIP I[QVOIUNWIUIOD JO SOWdYIS [O1]UOD BUTYIOM JOJ driysiapesy oy dye 0} 
Po}BATOUL OST Jnq ‘sasBasIP YONs jnoqe UOT}vONps YIVIY USAIS ATUO JOU SI 9JOYM ®B SB A}IUNWIWOD 94} JI Ja}10q 
yonur 9q p[nomM }I ‘Jovy JO JoeUl B SY ‘“UOlvONps YIesy sATOOYo pue sArsuojur Aq osvasip 94} JO o8ejs ATIvO 
OY} UI SN O} SLTOD PUB Y}[B9Y SITY UI JS9IOJUI YL} USZIPO [ENPIAIPUI OY} SYVUT O} OQ P[NoYs JOP Ino }ey} JUEpIAS 
SI JI souaTyT ‘A[Iv[NSII JUSW}VOI] OYV} PUL UIOD 0} SATILPIUI 9Y} SYR] JO SIsSOUSeIP 94} JNOGe PsdUIAUOD jOU 
SI—JOYIOM YIvIy poules—uosiod Joyjoue Aq pojoojOp 9q 0} pevY ISvaSIP 9Y} WOYM UI ‘suOosIed asoy} ‘AIeIUOD 
oy} UO Ing ‘juoNed ev YONS SuIjvoI] Ul JUSIOYIPUI JO ssoyored ATSsOIS SI WIY SUIvOI] URW [eOIpoUT oy} ‘osInoo 
Jo ssoyun ‘ApIvjnSoI JUSWII VII} DL} O} PoyeATOUT osye st oy ‘AsoIday Jo snorordsns ‘susis A[IVa DAIOSqO 0} SNoOTOsUOD 
Asoidg] osye pues ysnous yUdsIT[O}UI sI JUSTed B IOADUOYM Jey} DAOG poJUdsoid v}ep 94} WIOJJ SNOIAQGO SI 1] 


305 


‘SUOSBOI SNOIAGO IJoj porsed 3vak ¢ B UI AdAINS Aq PoJOoJOp dso} UY} J19}}0q YON SI JUDM}vOI} IOJ 
poyiodar Ale] UNJOA dsoy} Jo JUSUIIeII} JOj sjuotjed Jo ApIe[NSoI oY} 1eY} TT “ON BQVL Ul vjep dy} WoIJ Uses SI 1J—: SINAIINOD 


TR30L | “IGN TRIOL | “IUN TROL} IZN | N T 
(skep (skep 
OIUI[D 94} JO sIOUI puke % OC qusuI} ed} JOJ SunJoder OIUI[D oY} JO oJour pue % CC) AdAINS wo199}0p 
 “9°T) JUoUIBAN] Ie[NSaI AjlrejunjOA Aq pojoolep "ON, “9'T JUSW} VOI} Iv[NSOI SAISUd}UT Aq pojd0}9p ‘ON JO sIvox 
yoo} OYM sjuarjed Jo ‘ON YOO} OY sjuoT}ed Jo ‘ON 


gS RE ECS TA SM SS SE EC SP IES SN I I I TS TE TT a a 


Il °ON WIAV.L 


‘(skep o1ulja oy} Jo sJOW pue %¢ JoJ papusyye OYM dsoy} se pouyop Sulsq—asensoy) 7 ‘ON qe], Ul MOTOg UAAIS SI 
Zunioder AjiejUNOA ssoy} Jo pue Addins oArsuazur Aq pojoojop JusUI}veN JOJ syuaNed Jo Ajl1e[NsoI oY} Jo sIskjeue oy, 


: JUOUI}vII) JOJ poz1odor ApIAvJUN{OA oso) JO puw ADAINS ATSUOzUT Aq pojzoejop syuoyed jo Ajiiepenber sduepue}}V 


el en 


A CRITICAL LOOK AT SOCIETY’S HEALTH EDUCATION 
IN LEPROSY 


M. S. MEHENDALE 
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Introduction 


Some result oriented scientists and social 
workers are now getting impatient or disap- 
pointed. They feel that our leprosy control 
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programme is not going in the correct direc- 
tion. Their anxiety is quite genuine and 
understandable. This is because leprosy 
patients are still victimised. They suffer 
privations, boycott and the like. The 
common man is still afraid of leprosy. 


In the first stage of the planning and initia- 
tion of leprosy control work, hopes were high. 
We were told that if the Survey Education 
Treatment programme were implemented, we 
would be able to control leprosy within a 
foreseeable future. Though no one was able 
or willing to commit by a time bar, it was 
hoped, presumed and believed that we would 
control leprosy, say in 25-50 years. Do 
we estimate the same way now? Despite 
decades of leprosy control work we have not 
yet been able to categorically say whether 
leprosy has been on the increase or decrease. 
Have we controlled the disease at least in 
those areas where work has been going on for 
a long time? Answers to such queries are 
vague and non-committal. In reality we 
do not know the answers and what we can do 
is to make a ‘considered guess’ instead of say- 
ing yes or no. Such considered guess may 
be understood and appreciated by the top 
level people but for the lay persons it means 
nothing. 


Explanations of such situations may be 
many. 


One of the ways to explain our failures is 
that the Survey Education Treatment pattern 
has never been implemented with necessary 
weightage to all its components. Health 
Education for instance, has always been the 
subject of studied neglect by the high-brows 
who plan, or lowly technicians who implement 
it. Itis only recently realised on an increasing 
scale that proper and adequate health educa- 
tion of the people is absolutely necessary for 
the successful implementation of our plans. 


It must be clearly understood that mere 


health education, howsoever effectively con- © 


ducted, will not be the only or the final 
solution. Health education by itself will be 
useless unless it is supported by solid, efficient 
service to the patients. Many enthusiastic 
advocates of health education tend to forget 
this. 


The need for health education in leprosy 


Health education of the common man 
with respect to leprosy becomes imperative 
on account of the main causes mentioned 
below :— 


1. Trouble-free and insidious onset of the 
disease. 


2. Misunderstandings, superstitions, fear, 
wrong notions, etc. that prevail in the 
society with respect to leprosy. 


3. The availability of potent modern drugs 
which cure leprosy, no matter whatever 
the stage or the type of the disease. 


4. Lack of preventive vaccine or inoculation 
to primarily protect the population from 
leprosy. 


Before going into the details of the above 
reasons, it must first be clearly understood that 
these reasons do not apply exclusively in case 
of leprosy. Vaccines are not available for 
many diseases. Many diseases start in a 
trouble-free and insidious manner. Mis- 
understandings, etc. prevail about every health 
matter. Modern drugs are available for 
many diseases, previously taken as incurable. 


In leprosy, the depth, intensity and wide- 
spread prevalence of these is perhaps more 
than that in others. Is addition the deep- 
rooted social connotations attached to leprosy 
are not seen in other conditions. 


Let us now see these reasons more closely. 


1. Trouble-free early signs 


The anaesthetic patch or change in the 
colour and texture of the skin, which are the 
early signs in leprosy cause no physical dis- 
comfort to the patient. There is neither 
itching, nor pain nor burning at the site of the 
changes. They can be misleading. 


When any disease starts in a trouble-free 
and insidious manner it leads to two serious 
consequences. Thus, if such trouble-free 
signs appear on the parts of the body one 
does not see, the person may be totally un- 
aware of the disease. Again even if such 


signs appear on the part of the body one can 
see, the person concerned ignores them 
because they cause him no trouble. 


Another reason for not going to the doctor 
in the early stages of the disease is the non- 
association of the early signs with Jeprosy. 
The common man feels that leprosy means 
deformity. He has this idea fixed in his mind. 
He cannot even imagine, therefore, that the 
signs that have appeared on his body could 
be on account of Jeprosy. 


In all these cases, therefore, the net result 
is that the disease remains undetected and 
unattended for a considerable time. 


2. Misunderstandings, wrong notions, super- 
stitions, etc. 


Every matter regarding health has some or 
the other wrong notion about it, may it be 
baldness or gray hair, diet, cold, fever or 
the rest. Ignorance about scientific facts is 
the breeding ground for these superstitions 
and misunderstandings. In case of leprosy 
as compared to other diseases scientific pro- 
gress remained very slow and meagre. Hence 
the wrong notions, misunderstandings, etc. 
are deep rooted. They are observed in every 
society of the world and each and every class 
of every society. Asa result, leprosy is feared, 
it becomes a dangerous disease in the eyes 
of the common man. The society and the 
patient are mutually afraid of each other. 
There is tendency to hide the disease on the 
part of the patient and tendency to boycott 
or avoid the patient on the part of the society. 


3. The availability of modern drugs 


This is the most important reason why 
health education of the society should be done 
on a large scale. For a long time no drug 
that would cure leprosy was known. Leprosy 
was taken as an incurable disease. But now 
we have drugs which cure leprosy irrespective 
of the stage or type of the disease. The 
commonest drug is simple and cheap. It 
is freely available. The treatment is simple 
to administer because it is available in the 
form of tablets. If a patient tolerates the 
drug, supply adequate for a month or more 
can be given to him with instructions about 
taking it daily. He need not report daily 
to the doctor. 


In addition, we also have several other 
potent drugs, second line drugs, for the treat- 
ment of leprosy. True, some of these drugs 
are costly. But with their availability, the 
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problem of treatment of leprosy cases is 
much more easy. There is good hope of 
saving a patient from becoming a total lia- 
bility. 


Several advantages are seen if treatment is 
started when the disease is in the early stages. 
Thus, a patient does not lose his job or home, 
he gets cured earlier, his infectivity, if any, 
is rapidly reduced rendering him non-infec- 
tious. Deformity is avoided and thereby 
all problems consequent to it such as 
dehabilitation and the need for rehabilita- 
tion are also avoided. 


With such a powerful weapon in our hands 
it would be a pity if patients remain without 
treatment for long time, develop deformity 
and eventually lose home, jobs, positions in 
the society, etc. and resort to begging. 


4. Lack of preventive vaccine/inoculation 


This means the sure and simple method of 
primary prevention available in many diseases 
such as small pox, tetanus, poliomyetitis etc. 
is not at hand in case of leprosy. This also 
means one has to wait till the disease actually 
starts. Nothing can be done to prevent this. 


Let us now discuss about the patients 
that do not come for treatment when the 
disease is in its early stages. 


Why leprosy patients in early stages remain 
undetected or untreated for a long time 


I. For many patients ignorance is the 
main cause for their remaining without treat- 
ment in early stages. This can be sub- 
divided into three main categories: 


(a) Ignorance about the very presence of 
the disease: This has been discussed 
under the heading ‘need for health 
education’. 


(b) Ignorant about the early signs: This 
too has been discussed like item 
No. (a) above. 


(c) Ignorance about the curability of 
leprosy: Many persons do not know 
that leprosy is curable. That is why 
even when they are told that they 
suffer from leprosy, they take a fata- 
listic attitude and do not go for 
treatment. They do not reject the 
diagnosis. They accept it. But they 
feel nothing can be done about it any 
way. 
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II. Ignoring group: In this are patients 
who know that some wrong changes have 
been going on, in their bodies. They are not 
quite happy about these either. But because 
these changes do not cause any physical dis- 
comfort they go on ignoring those changes. 
They can so ignore because they do not know 
the seriousness of those changes. 


III. Tendency to hide the disease or to 
reject the diagnosis: The tendency to hide 
the disease is understandable. This happens 
in crippling or killing diseases wherein people 
are unwilling to face the reality of diagnosis. 
Basically it means rejection. 


Tendency to hide the disease also comes 
because of the fear of losing ones position in 
the society, howsoever lowly it may be. 


Tendency to hide the disease is not seen 
if a disease acquires a sort of ‘social status’, 
and becomes a symbol of high status in the 
society, rightly or wrongly. Diabetes, hy- 
pertension, etc. can be cited as examples. 
However, as of today, there is no high prestige 
attached to leprosy. On the contrary leprosy 
means loss of social position. 


On account of ignorance coupled with 
misunderstandings, etc. people react to the 
diagnosis in different ways, such as:— 


(a) Some people may altogether reject 
the diagnosis on account of their false 
ideas regarding their family, caste, 
race, etc. They feel it impossible to 
have leprosy in their family. They 
take it as an affront or insult if the 
diagnosis of leprosy is given. 


(b) Some people feel guilty when told 
about the disease. They feel they 
are sinners. They feel they are a curse 
on the family. They blame their 
own ‘karma’ and hide the disease, 
run away from the family so as not 
to cast their evil shadow on it. 


(c) Some people are not statisfied about 
_the diagnosis. They feel that the 
doctor has committed some mistake. 
They go on changing the doctor. 
They go to quacks. They go to 
shrines. I know of one engineer who 
consulted thirteen specialists, each 
one of whom told him he had leprosy. 
Why does this happen? There is a 
faint hope that there would be some 
one with a medical back-ground who 
would say the disease one suffers from 
: is not leprosy. 


(d) Some people hide the disease as long 
as is possible for them to do so. 
In doing this they know they are only 
postponing the issue. But they prefer 
postponing the unpleasant task of 
facing the disease to facing the boy- 
cott today. 


All these are difficult groups to handle. 
They are not known to the society. They 
appear normal for all practical purposes. 
Here the problem is more than medical. It 
is social as well. 


Aims & Objects of Health Education 


We have so far seen the need for intensive 
health education in leprosy. We have also 
seen the reasons why people try to hide their 
disease. The significance of all these must 
be clearly understood by every leprosy 
worker. It is in this context only that we 
have to work and achieve some results. 


What do we expect to achieve through 
health education? We expect certain changes 
in the attitudes, practices and behaviour of 
the society after it is exposed to Health 
Education. We expect these changes to be 
consistent and commensurate with the latest 
scientific information we _ possess about 
leprosy. We expect that the social sufferings 
of the patients will be reduced or removed, 
at least in the population exposed to Health 
Education. 


Let us see in brief our aims and objects 
of Health Education of the society. They 
would be: 


1. To impart basic, scientific, informa- 
tion—particularly that information 
which will help remove the supersti- 
tions, fear, wrong notions, etc. about 
leprosy. The main expectation here 
is that people will take leprosy as any 
other disease. So too, health educa- 
tion must ultimately result in changing 
the attitudes of the society. 


2. To stress upon the early signs of leprosy 
and advantages of early treatment. 
To make people conscious about the 
early signs so much so that people will 
approach their doctors on the least 
suspicion. 


3. To inform the people about the cura- 
bility of leprosy and also about the 
various facilities now available for 
guidance and treatment of leprosy 
patients in their respective areas. 
Once people know these they need not 
be shunted from place to place. This 
will also help in yet another way. 
The facilities made available will be 
utilised to the fullest advantage by the 
people for whom they are meant. 


Most of these aims and objects are easily 
appreciated and understood. Therefore, 
we need not go into the details of all of them. 
But the one concerning the change of atti- 
tudes will have to be looked into in greater 
depth and length. This is because leprosy 
workers talk loosely about change of attitudes. 
They feel that it is something which others 
have to do. They feel it to be very easy and 
simple. They feel that attitudes will change 
just by propagating certain information. It 
is, therefore, proposed to go into details 
about some aspects concerning attitudes. 


Who forms our attitudes? 


We receive most of our health education 
in our family. Our elders and our relatives, 
friends and peer groups impart the bulk of the 
information. The community in general 
too has its share in educating us about health, 
sanitation, etc. 


We learn some facts of health the hard 
way—trial and error. But beyond doubt, 
this is a very costly way and we cannot afford 
to try this often. Some of us may learn some 
facts through books and journals. 


There is no doubt that we receive informa- 
tion about health, bit by bit. The process 
is spread over decades, and indeed all through- 
out our life. Various ‘Agents’ of the society 
influence us in this respect and what we think 
or do about our health is a result of all such 
forces acting on us. 


Attitudes towards health 


Over the years and decades we form our 
attitudes towards various aspects of health. 


In other words we develop more or less 


‘fixed’ or ‘stabilised’ ideas about a health 
matter. We like or dislike, love or loath, 
relish or resent various matters concerning 
health, hygiene, disease and in fact about 
life and death. Our family, relatives, friends 
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and the community all contribute in influ- 
encing our attitudes, in that order. We in 
turn influence the attitudes of others in the 
circle of our influence. 


Fixation of ideas 


As a result of the process of formation of 
the attitudes, certain ‘equations’ and associa- 
tions are formed in public mind. These get 
fixed. We can search our mind to find what 
fixed equations and associations we have in 
mind about cancer, cholera, heart disease, etc. 
In leprosy for instance, in the minds of many, 
the association is that of deformity, mutila- 
tions and ulcers. Such equations may be 
right or wrong, scientific or otherwise. The 
fact remains that they are present. Effort 
of the health educator is to help formation of 
the right type of equations and associations. 


Attitudes help you in stabilising yourself 
in the society. They relieve you of tensions 
and put you at ease, adjusted. They conso- 
lidate group life. 


But attitudes are, after all, not altoghether 
that fixed nor that stabilised so as to be 
unchangeable. They do undergo changes. 
That is indeed why we see the generation gaps. 


Cultural Lag—The genesis of crisis in attitudes 


We live in the age of modern scientific 
and technological progress leading to ‘explo- 
sion’ of knowledge. This explosion blasts 
away our age-old ideas and beliefs but their 
replacement by new ones is neither equally 
fast nor equally effective. So a gap is created 
leading to crisis and confusion. Such a gap 
caused on account of the inability of the 
cultural set ups to change, commensurate 
with the technological and scientific progress, 
is termed the cultural lag. 


One of the aims of health education in 
leprosy is to reduce the cultural lag. We 
should not only remove the wrong notions, 
superstitions, misunderstandings, etc., but 
also help formation of newer attitudes com- 
mensurate with modern scientific progress. 


How attitudes influence our behaviour 


Wrong notions, misunderstandings, atti- 
tudes, etc. may take long time to get ‘fixed’ 
and may remain unchanged for long. To 
take some examples in the field of leprosy— 
many people feel that leprosy is caused as a 
result of sin or is a hereditary disease. Many 
feel that it is caused by some item of food or 
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on account of food habits and dietary 
patterns. All such ideas will certainly influ- 
ence the thinking, behaviour and practices 
of the society. People may hate a patient 
if they believe sin as a cause of leprosy. 
Question of marriage in the family of a patient 
may acquire a different dimension if people 
believe leprosy to be a hereditary disease. 
This list can be prolonged. 
towards disability and 


Society’s attitude 


deformity 


What is the attitude of the society towards 
persons having disabilities/deformities caused 
by reasons other than leprosy? Take the 
victims of poliomyelitis, burn, blindness, 
or the deaf mutes for instance. Does the 
society treat these victims as ‘normal’? Is 
it possible for the common man to do so? 


A common man will not mind the deformity 
if the deviations from normal is within a 
certain range. This range of tolerance of 
deviation from the normal varies from 
society to society. 


If again, a deformity becomes a frequent 
occurance or if it is seen in many, then the 
society will not mind it. This has happened 
in case of pox-marks, squint, dwarfness, etc. 
But even these victims are not necessarily 
and always treated as ‘normal’. Their social 
position and status is not exactly the same as 
other normal people. Social distance is 
bound to creep in at the time of marrige of 
such persons, to cite just one example. 


We cannot, therefore force the society 
much beyond the tolerance ranges. So too, 
mere propagation of some facts is not going 
to much alter these ranges. No one can force 
abnormality on the normal people. If 
an attempt is made in this direction, it will 
only result in creating antagonism instead 
of sympathy. This is what must be happen- 
ing in case of beggars or other patients with 
gross mutilations. 


Whom.to educate? 


It would be ideal if each and every person 
living in the area of leprosy control were 
educated about leprosy. But is it feasible 
and practicable? Moreover is_ it really 
necessary to educate EACH and EVERY 
person? Will that help in changing the 
attitudes of the society? 


In practice the population allotted to each 


leprosy worker is so vast that he cannot physi- 
cally cover all persons in his area. More- 
over, health education is only one aspect of 
leprosy control. Workers have many other 
assignments on hand. How much time and 
energy can he give to health education? 


The aforesaid factors are beyond the control 
of most of the workers. He does not know 
whom to educate. But it is necessary for 
a worker or his planner to be able to decide 
the priorities in our approach. 


The rule of the thumb for deciding priori- 
ties would be to include in our effort at least 
all such persons who, while doing their 
normal day to day duties, come into contact 
with a large number of persons. Take for 
instance persons like nurses, teachers, plea- 
ders, policemen, heads of institutions or clubs 
or associations, and the like. If such persons 
are properly educated they will, in turn, 
influence members of the group which they 
control or meet. They need not go out of 
their way to do so. They can do it while 
doing their routine jobs through their atti- 
tudes, practices and behaviour pertaining to 
leprosy and leprosy patients. 


In this connection we cannot forget leading 
persons. Some leading persons are no doubt 
covered in the groups just mentioned. But 
senior officers, political leaders at various 
levels and other community leaders must 
be covered under the health education pro- 
gramme. 


The logic behind this stress on the educa- 
tion of the leading persons and others men- 
tioned is simple. Macauley’s theory of 
‘percolation’. When we cannot cover the 
entire population, the information should 
percolate down from the higher wrungs of 
the society. It is reasonable to expect that 
with proper orientation, leading persons will 
slowly but surely influence the entire society. 


Frequency of exposure to health education 


This is one more hurdle in health education. 
How many times, after all, are we going to 
meet the same person and speak with him 
about leprosy? How long will the impact 
of our communication last? What other 
forces will countermand our efforts? 


It must be admitted that scientific work 
about these aspects is not available. But it 
is logical to believe that people are prone to 
forget our teaching and that we cannot con- 
vey effectively all our points in one or few 


efforts. It is also reasonable to assume that 
the information we have communicated 
would need a ‘brushing up’ after a period of 
time, say two years or So. 


Expectation for Cooperation 


We do health education work. All the 
same many of our efforts go a-begging. We 
may be creating more confusion instead of 
removing misunderstandings. Why does 
this happen? 


The health educator may not be sure of 
what to say to whom. Supposing for ins- 
tance our listener asks a specific and pointed 
question after hearing us: ‘What can I do 
for you’? Suppose this same question is 
asked by many members of the society such 
as a house-wife-mother, a teacher, a nurse, 
a gram sevak or a farmer. How would the 
health educator respond? How many of 
us have clear and specific answers to such 
questions? We either ask for their ‘blessings’ 
which is not going to help any one. Alter- 
natively we expect them to do a number 
of things for us which again they cannot do 
while meeting their normal obligations to the 
society. 


Every person has a ‘role’ to play in the 
society. When we approach him we must 
first fully study that role. The cooperation 
we expect from him should be consistent with 
his role. It should also be such that the per- 
son should be able to fulfill while he executes 
his normal duties in the normal way. We 
should not expect people to go out of the way 
to cooperate with us in our leprosy control 
programme. 


A balance of expectations commensurate 
with the role of a person is the key note for the 
success of health education programmes. 
If such a balance is not struck we will not only 
not get the expected cooperation but may 
even antagonise the persons we approach for 
help. Take for instance a village school 
teacher. He has not only to teach in the 
school but to work for family welfare and 
many other programmes of the government. 
He is a busy person. He has now-a-days only 
a limited influence on the various groups of 
the village. If this is his role what can we 
expect from him by way of cooperation in 
leprosy control work? We can expect him 
to help in the school surveys whenever they 
are held in his school. He should get him- 
self examined. He should also teach basic 
facts about leprosy to his students so that the 
students accept leprosy as a disease like many 
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others. If he suspects some student to be 
having early signs of leprosy, which he will 
do if he is conscious, he should refer the 
student to a proper place for guidance and 
treatment, and accept the advice given by 
such agencies. Above all, he should see 
that no student is victimised just because he 
or she happens to have leprosy. He can do 
all this in the course of his normal duties 
and within the premises of the school only. 
He does not have to spend any thing in doing 
this. 


What information to communicate and how to 
communicate? 


We should first study the role of a person 
and then decide what cooperation we expect 
from him. After this, it becomes easy to 
decide what information is to be com- 
municated to him. Only the minimum neces- 
sary information should be communicated. 
We need not show off that we know such a 
lot. So too, we need not burden a person 
with information. 


All said and done one must not forget to 
communicate to all the persons approached 
the following minimum information: 


—Early signs, advantages of early treat- 
ment, consequences of not taking treat- 
ment in early stages. 


—Curability of leprosy. 


—Availability of free treatment and faci- 
lities for guidance and treatment if neces- 
sary. 


Other information is added as and when 
needed. Information need not be com- 
municated all in one go. We can transmit 
it bit by bit, but with proper clarity. How- 
ever, this is possible only if we are likely to 
meet the people often. 


But in some cases our first meeting may be 
our last so far as health education in leprosy 
is concerned. In such cases our only effort 
must necessarily be quite effective. We may 
use various audio-visual media in addition 
to mere talk. Pictures, flash-cards, coloured 
transparencies, films, posters, etc. are the vari- 
ous media. We can even use a combination 
of the media. Even here, few points should 
be communicated effectively rather than 
attempting to communicate all the informa- 
tion. 


How is _ information communicated 
effectively? What are the difficulties in such 
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communication? How these difficulties are 
overcome? These aspects will be discussed 
in the pages that follow. 


Process of Effective Communication 


The process of effective communication is 
explained as: 


‘In order to ensure effective communication 
agent communicates a message to the 
receiver through a medium after properly 
tuning, and watches the feed-back to modify 
the message accordingly.’ 


The underlined words in the above sen- 
tences are the key words in the process of 
communication. That is why some explana- 
tion of each is necessary. Communica- 
tion gap or failure occurs if any one of these 
is not taken care of. If we know why this 
happens, we shall be able to avoid these and 
ensure effective communication. 


(1) All leprosy workers are the agents 
of communication. Their interest, their 
conviction, their own clarity of thought, etc. 
will have an effect on the process of commu- 
nication. 


(2) The message or the text or content 
of communication is often hazy, often it is 
too much, or is given in a language that lay 
people may not understand. 


(3) The receiver’s role in the society 
must first be known to make our communica- 
tion effective. 


(4) The medium of communication should 
be consistent with the social background 
of the receiver. If for instance a group of 
Adivasis has never been exposed to films then 
education through movies will fail. 


(5) Ifthe receiver, the agent of communica- 
tion and the medium are not properly ‘tuned’, 
there will be failure of communication. Thus 
if the receiver is highly pre-occupied with some 
urgent pressing matter our effort of educa- 
ting him about the basic facts of leprosy will 
fail. 


(6) Feed-back helps us in judging whether 
the communication has been effective or 
otherwise. The reactions of the receiver 
will tell us about the effectiveness if we are 
observant. We can modify if necessary, 
after interpreting the feed-back. Thus com- 
munication and feed-back are going on simul- 
taneously making communication a two way 
process. 


Root of Conflict in Effective Communication 


In choosing scientific facts to be commu- 
nicated to the masses, a field worker or health 
educator has to rely on bits of information 
that occasionally trickles out of various fields 
of research. Often we don’t get clear answers 
on problems relating to various aspects of the 
disease, its epidemiology and control, etc. 
and this helpless situation, while it can be 
effectively side-stepped in scientific sessions or 
conferences, becomes a great handicap for 
the poor field worker health-educator. What 
he has to impart has to be borne out of his 
conviction, and without vascillations; there- 
fore it is essential that our scientific leaders 
are alive to the serious problem and plight of 
the leprosy worker and generously share with 
them all their knowledge and experience, and 
not shy way from the fact that they do not 
indeed have answers to a lot of problems. 


The root of conflict and confusion in the 
minds of the health educators lies in this 
situation. They find it difficult to decide 
which information to communicate and how 
dogmatically and emphatically to commu- 
nicate it. For convincing lay persons, certain 
dogma and emphasis is necessary. Only 
then they might give up their age old fear, 
and superstitions. Their attitudes, prac- 
tices and behaviour will not change by evasive, 
non-committal and ‘maybe’ approach. Chan- 
ging attitudes of the common man is the 
main objective of health education. This 
can happen only if the scientific information 
is communicated effectively. The impact of 
our effort depends upon the clarity, simplicity 
and force of the communication. 


All said and done, Effective Communica- 
tion is possible. One need not feel that 
effective Health Education cannot be done. 
We can do so provided we take care of the 
following :— 


4%. Communication of bare scientific facts is 
not enough 


Quite often the confusion occurs because 
we communicate bare, scientific information. 
If we do this, we create a communication gap. 
This happens because we do not realise how 
the mind of a common man works. People 
may listen to the scientific information we 
communicate with admiration and even 
reverence. They may feel we are very superior 
and all that. But the information we have 
communicated remains for them a remote 
matter. They do not know how they are 


related to what we say. They fail to under- 
stand the implications of our information 
in day to day practice. As a result, even 
when they might respect us for our efforts, 
they do not change their own attitudes, 
practices and behaviours. In the communica- 
tion of scientific information, therefore, it 
becomes imparative to link it up with day to 
day life situations if we want to be effective. 


2. Reflecting experiences gained 


Institutions devoted to leprosy work have 
histories of several decades of work behind 
them. The national leprosy control plan 
has been in operation for over twenty years 
now. However, when leprosy workers speak, 
they seldom reflect their experiences in their 
talks. Constructive, morale-building exam- 
ples of actual situations are certainly experi- 
enced. But workers usually lack the urge 
of projecting them to the public. On the 
other hand sad experiences are discussed 
either to arouse sympathy or emotion. For 
changing attitudes of the society construc- 
tive experiences must be emphasised and 
demoralising ones supressed. 


3. Communication with Conviction 


When a health educator acts in contradic- 
tion of what he talks, all impact of what he 
says is lost. Thus we tell people that leprosy 
spreads as a result of close and repeated con- 
tact with an infectious patient. But if we 
refuse tea offered by a patient in his home, 
or if we do not touch patients in clinics 
and throw tablets at them, or hesitate to 


_ dress their ulcers, why should the patient 


or the society believe in what we say? 


Role of voluntary agencies 


The need for health education in leprosy is 
felt ever since organised leprosy work was 
started. Dr. Muir had recommended a three 
pronged approach viz., Propaganda, Treat- 
ment, Survey in the early twenties. Various 
agencies have been contributing their own 
mite. But before the advent of D.D.S. the 
stress was on in-patient work. D.D.S brought 
leprosy out of the four walls of the colonies. 
The present leprosy control plan is meant for 
operation right in the middle of the society: 
This necessitates a fresh look at the health 
education of the community. 


The Governments have stepped in on mass 
scales. They have taken over the bulk of 
the routine work. Thousands of technicians 
and others have been trained and appointed 
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by the various governments. What then can 
the voluntary agencies do, particularly in the 
field of health education. I have the follow- 
ing suggestions to make:— 


They can undertake— 


1. Demonstrative work, setting up model 
units ; 


2. Training programmes; 
Exploratory research; 


4. Stimulating others including the govern- 
ments; 


5. Supplementary work—as supplementary 
to the Govt. 


Some details of the above would be in order. 


1. Demonstrative work such as setting of © 


model units in various aspects of leprosy 
control work, including health education units 
can be undertaken by the voluntary agencies. 
The Gandhi Memorial Leprosy Foundation 
lead the country by starting several health 
education units as early as 1962. This was 
done well ahead of time and their experi- 
ences have come handy while planning urban 
leprosy work in India. 


2. Training : This is one aspect which 
the voluntary agencies can make their specia- 
lity. Here again the Gandhi Memorial 
Leprosy Foundation started a special two 
months course in health education about 
seven years ago. 


3. Exploratory research is something where 
a lot of probe, trial and error is necessary. 
Various experiments need to be undertaken. 
The Governmental set-ups have no facilities 
for such work. Such type of work does not 
fit into the pattern of grants-in-aid codes. 
The governments may or may not help such 
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work. It is only the private agencies that 
can undertake such work and then feed the 
data to the governments and others to profit 
by it. A fine experiment is undertaken by the 
Poona District Leprosy Committee in the city 
of Poona. They are currently conducting 
an urban leprosy control project with finan- 
cial assistance from the German Leprosy 
Relief Association of West Germany. Health 
Education is an important aspect of this pro- 
ject. 


4. Stimulating others to undertake work : 
This is again one activity where the voluntary 
agencies have been seen in practice to be 
some what more effective than governmental 
agencies. Voluntary agencies can speak and 
criticise freely, without inhibition, without 
fear. 


5. Supplementary work to that of the 
government. They can undertake to work 
according to government plans in areas 
demarcated for them. 


In this connection agencies such as the 
Gandhi Memorial Leprosy Foundation, the 
Hind Kusht Nivaran Sangh, the Leprosy 
Mission, The National Leprosy Organisation 
can and should give a lead to other smaller 
agencies. They should prepare health educa- 
tion material for others on ‘no profit, no 
loss basis’. Such material should be made 
freely available to every one desirous of doing 
health education work. Indeed, these sugges- 
tions apply to other aspects of leprosy control 
work equally well. 


A central pool of persons who have worked 
in health education, scientists and social 
workers should be set up to guide others and 
prepare health education material suitable for 
various groups of the society. Such a group 
will reflect various points of view and enrich 
the material rather than make it one sided or 
too dogmatic. 


THE PRESENT LEPROSY CONTROL PROGRAMMES 
IMPACT ON THE SPREAD OF THE DISEASE 


DHARMENDRA 


INTRODUCTION 
‘Need for a total Concept in Leprosy Control 


With reference to acute infectious disea- 
ses, ‘control’ of the disease is considered as 
synonymous with ‘prevention of spread’ of 
the disease. Thus ‘control’ is concerned with 
the ‘Public Health’ aspect of the disease, its 
“treatment’ being considered as the ‘medical’ 
aspect. In leprosy, however, the situation is 
quite different. , In the ‘prevention of spread’ 
of this disease at present the most important 
method available so far is the mass scale treat- 
ment of patients with dapsone and other 
chemotherapeutic drugs. Thus, in this dis- 
ease, the ‘control’ mainly depends on ‘treat- 
ment, and in practice, therefore, it is ‘control 
through treatment’. In other words the ,medi- 
cal’ and the ‘public health’ aspects are dealt 
with simultaneously. 


However, in a chronic and disabling dis- 
ease like leprosy, associated with great social 
stigma, disability and deformity, the resultant 
socio-economic and psychological problems 
are very serious, and demand great attention. 
In this disease, therefore, the attention to only 
tthe medical and public health problems crea- 
ted by the disease will fail to achieve the 
desired end. For example, treating the 
patients, making them less infective and ulti- 
mately non-infective, and thus controlling 
the spread of the disease, without at the same 
time taking steps to prevent disability and 
deformity and their consequences, will not 
only discredit and hinder the control efforts, 
but will also produce a big back load of 
human suffering and socio-economic disloca- 
tion (i.e. dehabilitation) of the patients, 
greatly increasing the difficult task of rehabili- 
tation. 


In dealing with control of leprosy, therefore, 
it is necessary to direct attention to socio- 
economic problems, along with the medical 
and public health problems. In other words, 


it is necessary to visualise the leprosy control 
in its total concept, dealing with all the three 
problems caused by the disease—medical, 
public health and socio-economic. The socio- 
economic problems to be tackled with, of- 
course, have to include the important but 
difficult question of Rehabilitation of persons 
already dehabilitated, i.e. socio-economically 
dislocated, a discussion of which is outside the 
scope of the paper. Only the control of spread 
of the disease is: discussed here. Ofcourse, a 
passing reference will be made to some of the 
steps necessary for achieving the objective, 
without going into their details. 


The main features of the Leprosy Control 
Programme will be referred to, and especially 
the impact of the programmes on the control 
of spread of the disease will be discussed. 


PRINCIPLES FOR CONTROLLING THE 
SPREAD OF LEPROSY 


Leprosy is a preventable Disease: 


Leprosy is an infectious disease, and there- 
fore, like other infectious diseases is a prevent- 
able disease. As a matter of fact, it has been 
eradicated from some countries where it used 
to be prevalent some centuries ago, although 
it continues to thrive in some other countries, 
in many of which it creates a huge problem, 
and India is one of these countries. 


The prevention of leprosy may be consi- 
dered in the light of the measures available 
for the control of other infectious diseases, 
although several of these measures are, for the 
present, not available in case of this disease. 
The most important limitation is the non- 
availability of a vaccine for primary protec- 
tion of the population at risk. However, as 
far as possible, principles applied to the con- 
trol of other communicable diseases have to 
be applied to the control of leprosy. Of 
course, it is necessary to take some other 
measures also, because of non-availability of 
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means of primary protection. The principles 
of prevention of the infective diseases in 
general may, therefore, be first considered 
briefly. 


PRINCIPLES OF PREVENTION OF 
INFECTIVE DISEASES IN GENERAL : 


In the control of other infective diseases, 
there are available a number of measures 
which aim at dealing with the different aspects 
of the problem, i.e., controlling the source of 
infection, eliminating conditions that favour 
transmission, and protecting healthy persons 
exposed to infection. 


The source of infection is dealt with mainly 
in two ways: (i) the patients suffering from 
infective diseases are kept separate from 
healthy people*, and their discharges are dis- 
infected ; and (ii) these patients are treated 
effectively so as to cut short the period of 
infectivity. 


The conditions that favour the spread of 
infection from the patient to the healthy people 
are dealt with by improving the sanitary and 
hygienic conditions including the supply of 
pure water, improved methods of disposal of 
refuse, control of vector (disease carrying 
insects), if any, etc. 


The protection of the population at risk is 
achieved by increasing specific resistance 
against a particular disease by means of 
immunisation by vaccination or inoculation 
against the disease (for example cholera, 
small pox, enteric fever, tuberculosis, plague, 
yellow fever etc). The general resistance is 
increased by improving socio-economic condi- 
tions which make it possible to make available 
nourishing and well-balanced diet. 


APPLICATION OF THE ABOVE PRINCI- 
PLES TO LEPROSY CONTROL : 


In the control of leprosy some of the above 
measures cannot be applied, and some others 
are of limited value. For example, no method 
is available for increasing the specific resistance 
to leprosy of healthy persons by specific 
immunisation. The question of quarantine is 
obviously out of question in the case of a disease 
with such a long and variable incubation 
period, and so highly prevalent in endemic 
countries. The disinfection of infective dis- 
eS 

*In case of certain diseases healthy persons known 

to have been exposed to infection are kept under 


quarantine, i.€., are isolated under suspicion till the 
incubation period of the disease is over. 
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charges, although of value, is applicable only 
to a limited extent. Of course it is desirable 
to disinfect the infective nasal discharges, and 
to disinfect or destroy the dressings used for 
the lepromatous ulcers. This precaution will, 
however, not be necessary in case of neuro- 
pathic (trophic) ulcers, the discharges from 
which do not contain leprosy bacilli. 


Treatment has also its limitations, because 
even with the introduction of the sulphone 
drugs, it takes a long time to render the highly 
infective (lepromatous and near-lepromatous) 
cases non-infective. All the same, the sul- 
phone drugs do reduce the infectivity of the 
patients, and are being used extensively to 
control the spread of the disease, by using it 
for mass scale treatment. As a matter of fact, 
this has so far been the main line of approach, 
and has been the mainstay of leprosy control 
programmes in all the countries where the 
disease is prevalent. However, the develop- 
ment of sulphone resistance, which is being 
reported to be gradually on the increase is a 
very disturbing and serious matter. Fortu- 
nately some other antileprosy drugs are now 
available, and for the treatment of highly 
infective (multi-bacillary lepromatous and 
near lepromatous cases) combined treatment 
with dapsone and some other antileprosy 
drug or drugs is now being advised. (This 
matter will be referred to later). 


Because of these limitations in the use of 
the usual preventive methods, some addi- 
tional measures have been resorted to in the 
control of leprosy. An important measure is 
an attempt to find out cases in the early stage 
of the disease, so that deformities and neuro- 
pathic ulcers can be prevented or minimised 
by early treatment ; this can be done by an 
intensive case-finding programme. Another 
important measure is the protection of chil- 
dren, since in endemic countries infection 
occurs mostly in childhaod. The question of 
prophylactic treatment of healthy contacts 
with sulphones, and of building up resistance 
to leprosy of the contacts by means of BCG 
vaccination have also been _ investigated. 
Chemoprophylaxis with dapsone has been 
found to give over 52% protection in intra- 
familial child contacts of lepromatous cases 
(Dharmendra et al, 1965 and 1967, and Noor- 
deen, 1969). As far as BCG prophylaxis is 
concerned, the various studies have given 
varying results. In Uganda, where non- 
lepromatous leprosy predominates, among 
intrafamilial child contacts, the protective 
value of a single injection of BCG was repor- 


ted to be as high as 80%. In Karimui, Papua 
New Guinea where the whole population 
received repeated BCG vaccination, the 
protection was 43%. In the WHO trial in 
Burma, the protection was found to be only 
15%; moreover, three histologically 
confirmed multibacillary cases appeared in the 
vaccinated group during 1974-75. The WHO 
Expert Committee on Leprosy in its Fifth 
Report (1977) has stated ‘“‘The fact that infec- 
tious forms have now appeared in the vacci- 
nated group indicates the limited value of the 
measure’. 


CONCLUSIONS 


It may be concluded that the presently 
available main measures in the prevention of 
leprosy are :— 


(1) Early detection of all cases through 
case finding programmes. 


(2) Early and regular treatment on a mass 
scale of all detected cases of leprosy 
with dapsone and other chemothera- 
peutic drugs in order to prevent defor- 
mities and relapses. Another objec- 
tive of early and regular treatment is 
to reduce the infectivity of infective 
patients, and to finally make them non- 
infective. 


(3) Prevention of contact with infective 
cases. 


(4) Protection of children in contact with 
infective patients. 


Research work is in progress which gives 
hope of the availability of a protective vaccine 
against leprosy, though not in the very near 
future. When such a vaccine is available, it 
will mark a great advance in the control of 
leprosy, because it will make possible primary 
protection, and thus bring leprosy control in 
line with control of other infective diseases 
in which primary protection is possible. 


Further, the raising of economic, social and 
sanitary standards of the population, leading to 
improved diet and better housing, will no 
doubt contribute towards the control of the 
disease. However, it may be said that this 
step is not specifically an anti-leprosy measure. 
All the same it has to be emphasised that the 
raising of the socio-economic standard will 
play an important role in the control of 
leprosy, as also of other communicable disea- 
ses. The improved economic conditions will 
help leprosy control through the resulting 
improvement in diet and housing ; better diet 


builds up general body resistance against 
disease*, and improved living conditions res- 
trict the chances of spread by removing over- 
crowding. 


Necessary ieans to achieve the objective 


It may be pointed out that in order to 
achieve success in the above stated four mea- 
sures, there are certain activities which will 
need to be attended to. These activities in- 
clude : (i) Health Education of the population 
in order to make them adopt a rational 
attitude towards the disease and the person 
suffering from it ; (11) Education of the patient 
to take proper care of his affected limbs, eyes, 
and nose ; (ili) Training of persons at all levels 
manning the Leprosy Control Programme ; 
(iv) Adequate training in leprosy to the under- 
graduate medical students ; (v) Providing ade- 
quate number of fixed and mobile outpatient 
clinics for the treatment of patients, not far 
from their homes ; and take all necessary 
steps to make the patients take regular 
treatment (case holding); (vi) Providing ade- 
quate inpatient accommodation for treatment 
of acute complications of leprosy or other 
diseases in leprosy patients ; (vii) Providing 
adequate accommodation and necessary faci- 
lities for selective and short term segregation 
of highly infective patients, whether early or 
advanced ; (viii) Total health care of leprosy 
patients with regard to all minor ailments ; 
(ix) Welfare activities for the patients inclu- 
ding simple methods of domestic rehabilita- 
tion ; (x) Protection and care of children of 
leprous parents. 


To put into practice the steps outlined 
above in highly endemic countries, a compre- 
hensive anti-leprosy campaign is needed with 
a specialised leprosy service. This specia- 
lised service should be integrated with the 
general health services of the country in due 
course at an appropriate time. 


The improvement in economic and hygienic 
conditions has to be taken up on the general 
plane, and is therefore not included in the 
above steps necessary for a specific anti- 
leprosy campaign. 

Since the introduction of dapsone in the 


treatment of leprosy, the main plank in the 
control of leprosy has been the wide scale 


* It may be stated that there is evidence to indicate 
that undernutrition (Vitamin, protein and caloric) 
depresses cell-mediated immunity (CMI) which is 
the main mechanism of immunity in diseases tike 
tuberculosis, leprosy, and viral diseases. 
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treatment of all leprosy cases especially in the 
early stages and to greatest possible extent, 
paying especial attention to the lepromatous 
cases. Leprosy Control Programmes based 
on this principle have been adopted almost by 
all countries in the world including our own 
country. These programmes have been in 
progress for over 25 years in most countries 
including India. I would now pass on to 
examine what impact these programmes have 
made on the trend of leprosy in the countries 
where these have been in progress for well 
over two decades. 


IMPACT OF THE CONTROL 
The Individua! Patients 


The one great advantage has been that a 
very large number of cases have been brought 
under treatment, and thereby the incidence of 
crippling deformities has been decreased 
especially in the tuberculoid cases. This is 
no doubt a big advantage. Moreover, the 
foul smelling discharges from the nose and 
ulcers in lepromatous cases under treatment 
have practically been eliminated. Thus, the 
leprosy control programmes have been a boon 
to patients under treatment. 


CONTROLLING THE SPREAD OF 
INFECTION 


However, when we look for the impact of 
the control programmes on controlling the 
spread of the disease, the results have not 
been promising, and this has created the need 
of reviewing the whole matter with a view to 
modifying the programme by trying to remove 
the loopholes and bottlenecks in the pro- 
gramme, as also by including some additional 
measures which appear to be necessary. 


When this programme was introduced, 
there was a great enthusiasm and optimism 
about it, and some enthusiasts believed that 
leprosy could be controlled in a decade or two. 
The little impact that has been made by the 
programmes has now come as a disillusion- 
ment. Except in a very few countries, and 
limited parts of some other countries, there 
has been no change in the trend of leprosy. 


EVIDENCE ON WHICH THE ABOVE 
VIEW IS BASED 


The World Health Organization has been 
evincing great interest in expanding these 
programmes, and in collaboration with 
UNICEF has been instrumental in bringing 
into existence and rendering help to them in 
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various ways. In the Fifth meeting of the 
World Health Organization Expert Commi- 
ttee (1977) one of the items (1.6) relates to 
“The effect of control measures’. The first 
paragraph of this item is reproduced below. 


‘Despite the undoubted value of the treat- 
ment programmes to individual sufferers 
from leprosy, the limitations of the control 
measures in ensuring that others will not 
become infected are evident from the conti- 
nued appearance of new cases. Doubts 
about the efficacy of the treatment measure 
have been intensified by the recent findings 
that sulfone therapy cannot by itself ensure 
the total eradication of all viable bacilli in 
the patient with lepromatous leprosy. 
Moreover, secondary prevention must re- 
main an imperfect tool in the control of 
leprosy transmission as long as it is not 
possible to identify infectious cases imme- 
diately they become a danger to others. 
In addition, serious operational problems 
are often encountered in carrying out con- 
trol measures.” 


After making this general statement, the 
Report goes on to say in the second para- 
graph: ‘Nevertheless, there is substantial 
evidence that a significant decline of the dis- 
ease in the community, shown not only by 
lowered prevalence rates but by reduction in 
incidence, is effected by present control mea- 
sures, of which the main element is sulfone 
chemotherapy.” In substantiating this state- 
ment, a reference has been made to the find- 
ings in Thailand and Burma. 


LEPROSY CONTROL IN THAILAND 
AND BURMA 


In both these countries control projects 
have been in progress for more than 15 years. 
‘Random sampling surveys conducted at 10 
year intervals have shown significant reduc- 
tions in the prevalence rates. In Khon Kaen 
Province, Thailand, the prevalence fell 70% 
from its initial (1962) level of 12.37 per thou- 
sand, and in central Burma there was a similar 
reduction from an initial (1963) level of 32.0 
per thousand. Results from certain franco- 
phone African countries are comparable.” 


“The data from the second surveys have 
confirmed the accuracy of the greatly lowered 
incidences suggested over successive years by 
case detection figures. The latter are derived 
from school surveys, contact surveillance, and 
voluntary reporting by new patients. While 
these modes of detection have become more 
efficient over the years, the number of new 


cases recorded annually has fallen. An 
important factor in the epidemiological trends 
was the finding in both surveys that more 
than 75% of the estimated bacilliferous cases 
were under treatment (Khon Kaen, 76%; 
Central Burma, 90%). A considerable num- 
ber of early tuberculoid cases have been 
found in such surveys, but many are likely to 
have been self-healing.” 


In relation to the assessment of the results, 
the importance of incidence rates has been 
duly recognised. It is stated: ‘The inci- 
dence rate is an accurate index of continuing 
transmission, but it is particularly difficult 
to ascertain retrospectively because of the 
imperfect histories given by patients and the 
tardy reporting of signs and symptoms. 
Serial surveys would have to be conducted 
annually to reveal most of the new cases, and 
this is clearly impracticable. However, 
annual surveys of a limited number of ran- 
domly chosen villages over a period of 5-10 
years would allow reasonably accurate inci- 
dence estimates to be made.” 


As to the importance of prevalence rate, it 
is stated ““Knowledge of prevalence rates is 
essential in order to assess the size of the 
leprosy problem”. However, because of 
various factors influencing the prevalence 
rates, these rates are not considered suitable 
for accurate assessment. 


The report also mentioned comparable 
results from certain francophone African 
countries. 


Finding in Tropical African Countries 


In this connection, a reference may be made 
to the article of Martinez Dominguez and 
Bechelli (1977) giving an assessment of im- 
pact of control measures in Tropical African 
countries. They have referred to the leprosy 
campaign in 26 countries of tropical Africa. 
The Leprosy campaign in tropical Africa 
started, in a big scale, in the fifties especially 
in French speaking countries, after a relatively 
effective antileprosy treatment was made 
available and leprosy control could be taken 
into consideration by Public Health Autho- 
rities. According to Bechelli and Martinez 
(1966) in a majority of these countries leprosy 
prevalence was above 10 per thousand, reach- 
ing 40 per thousand and more in some of 
them. 


In the paper under reference, an attempt 
has been made to assess (i) the evolution of 
leprosy endemic in these countries, (ii) the 


impact of the control measures upto now, 
and (iii) the prospects of controlling the dis- 
ease taking into account the present means 
and resources and socio-economic changes in 
process after independence. 


In the present context we are, of course, 
specially concerned with the impact of control 
measures on the control of the disease. The 
authors have however remarked that the 
reliability of these data for most of the coun- 
tries has to be treated with reservation. 
Their findings are summarised below. 


(i) Prevalence of the disease. Out of the 
26 countries, the registered number of cases 
of leprosy showed an increase in 18 countries, 
and a decrease in 8 countries. 


The authors have remarked that the epi- 
demiological significance of these variations 
in the registered cases is not clear as these 
changes could be due to various factors, and 
may not necessarily indicate actual increase 
or decrease in the number of cases. For 
example, an increase in the number of regis- 
tered cases may not indicate the actual in- 
crease in the number of cases, but may be due 
to (a) better case-finding and case-holding ; 
(b) non-removal of inactive cases from the list 
of active cases, thus artificially inflating the 
number of active cases ; and (c) increase in 
population. (The present author would like 
to draw special attention to the role of these 
factors in case of the rising estimated number 
of cases in India). On the other hand, reduc- 
tion in the registered number of cases may 
indicate a real decrease in the prevalence rate 
as a result of correct application of control 
measures ; but the decrease in the number of 
registered cases in most instances is likely to 
be due to operational inefficiency (poor case 
finding, high proportion of cases having dis- 
continued treatment for one reason or 
another, and therefore having been removed 
from the list of registered cases). 


(ii) The number of newly detected cases. 
Only the incidence rate of the disease in 
successive years gives correct information 
about the trend of the disease in an area. 
However, when case finding is correctly done, 
the case detection rate throughout a long 
period and the proportion of lepromatous 
cases in the newly detected cases may give 
some idea of the incidence of the disease in 
this area. 


Data about these rates is given for three of 
the African countries. The detection rate 
remained stable in one country, and showed a 
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decrease in the other two countries. How- 
ever, in the country ‘where the greatest 
reduction of registered number was observed 
(67%), this was not paralled by the reduction 
in newly detected cases. Moreover, it was 
noted that the percentage of the newly de’ec- 
ed lepromatous cases among the newly detec- 
ted cases is not decreasing. This is a good 
indication to suggest that the ceiling of case 
finding has not yet been reached in these 
countries, and there must be many untreated 
old cases.” From these data it is concluded 
“it seems that the incidence has not yet been 
significantly or really modified uptodate’. 
In support of these views regarding many 
cases still remaining undetected they quote 
the findings of the WHO Leprosy Advisory 
Team (LAT) in Africa (Northern Nigeria, 
North, Central and South Cameroun). ‘In 
random sample surveys showed that even in 
countries with a fairly good case-finding, new 
cases amounting to 75% of the number of 
registered cases were detected (Bechelli and 
Martinez, 1966). They also quote Laviron 
(1970) who feels that on the whole only 40% 
of the total estimated number of cases existing 
in AFRO* have yet been registered, and of 
the registered cases only 50% are under 
treatment. 


As a general appraisal, and according to 
available data, they have reached the follow- 
ing conclusions : 


(i) The number of registered cases has 
increased in the majority of countries, 
but the significance of this feature is 
not clear, as in many countries inactive 
cases are kept indefinitely on the 
registers**, and there is no increase in 
population ; 


(ii) Uptodate there is no conclusive evi- 
dence of any change in the incidence ; 


(iii) It is not possible to perceive any epi- 
demiological change affecting the 
trend of leprosy endemics in the coun- 
tries under study ; and 


* AFRO, the who Regional Office in Africa deals 
with 40 countries. 


** This was one of the reasons given by Dharmendra 
(1976) for the progressive increase of estimated 
number of cases in India; the other reason being the 
explosive rise In population of the country. In case 
of regional increase in some big cities, and indus- 
trial centres the reason for the increase was migra- 
tion to such places in search of employment, and 
this did not affect the overall prevalence in the 
country. 


320 


(iv) Irregularity of treatment, and bacte- 
riological positivity of lepromatous 
cases under treatment with sulphones* 
favour the maintenance of leprosy 
endemicity. 


Regarding the future prospects of control 
of leprosy in tropical Africa, the authors state 
that due to adverse socio-economic, hygienic 
and sanitary conditions, the limitations of 
antileprosy drugs, irregularity of treatment, 
lack of a vaccine etc., the control of leprosy in 
many.countries may be delayed for numerous 
decades, if not for centuries, if control mea- 
sures are not well applied, and if socio- 
economic and other conditions are not 
improved.** 


FINDINGS IN INDIA 
The Hugeness of the Problem 


India has a very huge leprosy problem. 
The exact number of cases is not known, 
which is also true for many other countries. 
The estimated number of cases in the whole 
world now stands betwen 12-15 million and 
India is supposed to be responsible for about 
1/4th or 1/5th of the total world leprosy. 


Estimates about the number of leprosy 
cases in India have been made from time to 
time on the basis of projection of the known 
number of cases at different times. With 
progressive increase in the attention given to 
the disease, especially to the increased 
attempts at case-finding, the number of known 
cases of the disease has been on the increase, 
and this increase has naturally been reflected 
in the estimated number of cases of this dis- 
ease. The knowledge about the extent and 
distribution of the disease in India was very 
meagre before the Indian Council of the 
British Empire Leprosy Relief Association 
(predecessor of the present Hind Kusht Niva- 
ran Sangh) carried out leprosy surveys in 
different parts of the country during nineteen 
twenties and thirties. As a result of these 
surveys carried out in various parts of India, 
and by multiplying the detected number of 
cases by a certain factor, it was estimated 
that the number of cases in the country would 
be about 10 lakhs, i.e. 1 million. Since then 
antileprosy work in the country has been 


* The infectivity of ‘Open’ cases of leprosy under 
treatment with sulphones was stressed by Dharmen- 
dra (1974) 


** The remarks may perhaps be true for many coun- 
tries outside Africa. 
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intensified especially in the post-independence 
years after 1948, and particularly after the 
initiation of the National Leprosy Control 
Programme in 1955 ; the estimated number of 
cases has been rising from 10 lakhs to 15 lakhs, 
25 lakhs, and the figure now stands at 32 
lakhs. The figure of 25 lakhs (25,00,000) 
was based on the total population of the coun- 
try in the 1961 census. With considerable 
increase in the population, as reflected in the 
1971 census, the estimated number of leprosy 
cases has been revised upwards to 32 lakhs. 


NO EVIDENCE OF INCREASE. The 
progressive increase in the estimated number 
of cases in India has sometimes been inter- 
preted to imply that leprosy is on the increase 
in the country. This interpretation is, how- 
ever, not valid. There has no doubt been an 
increase in certain big cities and industrial 
areas, but that has been due to fairly large 
scale migration from the rural to the urban 
and industrial areas. However, there is no 
evidence to show that there has been an 
actual increase in the prevalence rate of the 
disease in the country as a whole. This view 
is supported by the fact that in a few areas 
where long term systematic investigations 
have been carried out, there has been no evi- 
dence of any increase in the prevalence of 
the disease. 


Apart from the increase in population, the 
main reason for the increase in the estimated 
number of cases is the increased activity in 
the case-finding programme. A contributory 
factor in this respect is that, because of the 
availability of potent drugs for the treatment 
of the disease, an increasing number of cases 
are voluntarily seeking treatment. Both these 
factors have resulted in an increase in the esti- 
mated number of cases. Still another factor 
for the progressive increase in the number of 
estimated cases in India is the fact that till 
recently no attempt was made to remove from 
records the ‘disease-arrested’ or ‘cured’ 
patients. Only recently attention has been 
drawn to it, but the results reported in this 
direction are still too meagre to have any 
bearing on the total estimated cases in the 
country as a whole.* 


One definite result of the expanding 
National Leprosy Control Programme has 
been that it has made us aware, more than 
(EER EE 
* However, it is important that no targets be fixed 

for this purpose as in doing so there is a danger of 

the figures being inflated in the other direction, 
due to desire of the workers to meet the targets, 
or even going beyond them. 


ever before, of the hugeness of the problem. 
Moreover, it has been instrumental in making 
available modern treatment of leprosy to 
about 1.6 million (16 lakhs) patients i.e. 50% 
of the estimated cases. However, it is not 
correctly known as to how many of the regis- 
tered cases are actually taking treatment 
regularly. 


With further intensification of the case- 
finding programme, the number of known 
cases will no doubt increase, and with that, 
the estimated number of cases. This is 
bound to continue till all or nearly all cases of 
leprosy in the country are registered, when the 
actual number and the estimated number will 
approximate. 


It is possible that this figure (32 lakhs) may 
be close to the actual figures ; with further 
intensification of the case-finding programme 
leading to an increase in the number of known 
cases, and with further rise in population at 
the next decennial census, the estimated figure 
will of course markedly rise further. 


IMPACT OF THE NATIONAL LEP- 
ROSY CONTROL PROGRAMME ON 
SPREAD OF THE DISEASE. Although 
the National Leprosy Control Programme of 
India has been in existence for the last over 
20 years, and has been greatly expanded 
during the years, it cannot be said with any 
degree of certainty as to what extent it has 
succeeded in controlling the spread of the 
disease. A large number of patients have 
individually benefitted, and the deformity 
index has gone down wherever this pro- 
gramme has been carried out fairly satisfac- 
torily. However, very meagre data is 
available to assess the effect on transmission 
of the disease, the accurate information about 
which is given by a sustained decrease ijn the 
annual incidence rates of the disease which is 
different from the case detection rates per 
year. The case detection rate simply means 
the detection of previously undetected cases 
per year or for a number of years. Whereas 
the incidence rate is calculated by the number 
of newly detected cases amongst persons who 
had been seen earlier and recorded as free from 
the disease, per year ; and if the figures have 
been pooled for a number of years, then num- 
ber of ‘new cases’ in the above sense are divi- 
ded by the number of years they cover. Case 
detection rate is not synonymous with inci- 
dence rate, as detection rates are subject to 
several factors such as missing of cases 
amongst population previously examined, 
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newcomers in the area, etc. Prevalence rates 
also suffer from similar disadvantages. 


The Indian Council of Medical Research is 
engaged in a project for assessing the results 
of the Leprosy Control Programme, but its 
findings are not yet available. However, a 
study taking into account the detection rates 
reported by Kapoor (1976) in certain areas in 
Maharashtra may be intrepreted to indicate 
that the Leprosy Control Programme mea- 
sures in these limited areas have been fairly 
satisfactory. Some particulars about the 3 
sectors included in the study are given below : 


The number of cases detected in each quin- 
quennium (in case of Barsi, the Ist quin- 
quennium actually consists only a 3 year 
period) is reported in 6 tables, 2 for each sec- 
tor—one for children and the other for adults. 
The reduction in ‘case detection’ has been 
indicated as a percentage in ‘incidence’ where- 
as actually it represents only a reduction in 
case detection rate (the distinction in ‘inci- 
dence’ and ‘case detection’ has already been 
pointed out earlier). The number of lepro- 
matous cases, and the lepromatous rates in 
the newly detected cases is also indicated. 
In addition to the reduction in case detection, 
there has been a marked reduction in defor- 
mities, and consequently in percentage of 
deformity in the newly detected cases. The 
reduction in the number of newly detected 
cases, as also the percentage of reduction, and 
the information about the L rate is summa- 
rised here in the following two tables—one for 
children and the other for adults. 


Discussing the findings, Kapoor makes the 
following statements. 


In Children. In Vairag the incidence** has 
been decreasing in every quinquennium, and 
that the reduction between the last two quin- 
quennia is 20%. This strongly suggests that 
leprosy in children is definitely reduced. In 
the Barsi and Gondia sectors also (taking 
1966-70 figures as a base) the detection in 
incidence (actually detection rate) shows a 
reduction of 45.7% and 43.9% respectively 
when the 1966-70 figures are compared with 
1971-75 figures ; however, before expressing a 
definite opinion, he would like to wait for the 
findings in the coming years. 


He further points out that lepromatous and 


deformity rates have been considerably 
decreased. 
In adults. Waving decided to take the 


period 1966-1970 (the third quinquennium) 
as the base, there was practically no difference 
in the detection rates in the Vairag Sector 
between the 3rd and 4th quinquennia (being 
1.76 and 1.75 per thousand per year respec- 
tively). However, between the second and 
third quinquennia it was 13.3% (case detec- 
tion rates being 2.03 and 1.76 respectively). 


The reduction in the Barsi and Gondia 
Sectors between the 2nd and 3rd quinquinnia 
was 26.29% and 33.09% respectively. Kapoor 
stated that it was necessary to watch the situa- 
tion for another 5 years before coming to a 
definite conclusion. 


Quinquennia for which results reported 


Sector Population Prevalence Control — 
under rate work Ist 2nd 3rd 4th 
study per 1000 started 

Vairag 17500 Over 1955* 1956 1961 1966 1971 

(1951 census) 20 to to to to 
1960 1965 1970 1977 
Barsi 15200 Over End of 1963 1966 1971 
(1961 census) 20 1963 to to to 
1965 1970 1975 
ee ee 

Gondia 28000 8 Towards 1961 1966 1971 

(1961 census) the end to to to 
or 1959 1965 1970 1975 


oe er eS Ne 
* One of the first centres opened under the scheme, and also one of the best centres. 


** Actually detection rate 
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There has been a decrease in deformity and 
lepromatous rates in Vairag and Barsi Sec- 
tors. However, in the Gondia Sector, there 
has been a slight increase. 


Prevalence rate. In the present study 
change in the prevalence rate has not been 
worked out. However, under the ICMR 
Assessment Project, according to Dr. Kapoor, 
Dr. Wardekar found a definite reduction in 
the groups of villages selected for study both 
in the Vairag and the Barsi Sectors. Thus, 
Kapoor’s findings strongly suggest reduction 
of leprosy as a result of the Leprosy Control 
Programme in the villages studied. 


Kapoor remarks that possibly the case detec- 
tion rate (incidence rate as used by him) of 
leprosy substantially declines in the first 10-15 


years after the introduction of the control . 
measures, but the reduction then slows down. 


Conclusion; 


It can therefore be concluded that in a few 
countries, and in a few centres in India, the 
dapsone based leprosy control programme had 
had an impact on the spread of the disease. 
The general impression is that in most coun- 
tries, and in India as a whole, there has not 
been much impact of the programme on con- 
trolling the spread of the disease. In India 
several people have been expressing the view 
that leprosy is on the increase. While the 
writer agrees that in general there has been 
practically no impact on controlling the spread 
of the disease in our country, he does not 
agree that the disease has been on the increase. 
However, there could be an increase in future 
because of the progressively increasing deve- 
lopment of dapsone-resistant patients, if pro- 
per and adequate measures are not taken to 
prevent such a situation developing. 


Having discussed the impact (or general 
lack of impact) of the control measures adop- 
ted so far, it is proposed to discuss some of 
the factors considered responsible for the 
situation, as also propose some possible mea- 
sures to remedy the defects. 


THE FACTORS RESPONSIBLE FOR 
FAILURE 


The National Leprosy Control] Programme 
in our country has been progressively expan- 
ded, and it is now proposed to further expand 
it quickly in order to ‘cover’ all the endemic 
areas of the country within the present plan 
period. It is quite an encouraging proposal 


as far as it goes. However, if we accept that 
in general the Programme has failed to achieve 
the desired end, we should try to find out the 
factors responsible for the failure, and the 
possible ways in which the defects can be 
remedied. I shall not refer here to the great 
need of improving the socio-economic and hy- 
gienic condition of the population in general, 
because that does not form an integral part of 
of the National Leprosy Control Programme. 
I shall also not go into the need for gearing 
up the Administrative Machinery because this 
matter is under constant review, and neces- 
sary steps are being taken in this direction as 
far as possible. I shall try to pinpoint some 
other basic and important factors which need 
special consideration. These factors can be 
grouped as under : 


(1) The specific chemotherapy—Limita- 
tions of. 


(2) Infectivity of multi-bacillary patients 
under treatment. 


(3) Need for ensuring regular attendance 
of the patients registered for treatment. 


(4) Strengthening Health Education con- — 
cerning the disease. 


(5) Need for adequate training in leprosy 
to the entire medical profession. 


(6) Need for protection of children, inclu- 
ding family planning on a voluntary 
basis. 


(7) Role of Leprosy Hospitals. 


I shall now touch briefly upon the points 
listed above. 


(1) Specific Chemotherapy 


The Sulphone Drugs. The introduction of 
the Sulphone drugs in 1940s revolutionised 
the treatment of leprosy. It brought new 
hope not only for the patients, but also for 
controlling the spread of the disease through 
mass scale treatment of the patients. At the 
start only derivatives of the mother sulphone 
diaminodiphenylsulphone (DDS) were used, 
but later DDS itself was found safe in small 
doses. (DDS is commercially known as 
dapsone). Dapsone became and has re- 
mained the first line of treatment of leprosy, 
although it is slow in action, and takes a very 
long time to make an infective patient non- 
infectious. It has been found to be an effective 
and inexpensive drug, safe in the doses used, 
and is easy of administration. This was 
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therefore adopted as a basis for the mass 
scale treatment of the disease in campaigns 
for the control of leprosy. This method of 
leprosy control has been adopted by all coun- 
tries with a leprosy problem throughout the 
world. India which is responsible for about 
1/4th to 1/S5th of the total world leprosy also 
adopted this method of Leprosy Control, and 
has in operation a big National Leprosy 
Control Programme primarily based on mass 
scale dapsone therapy, ofcourse, with other 
necessary accompaniments. 


Limitations of dapsone. Faith in dapsone 
as the mainstay in the treatment of patients 
and in the control of leprosy was no doubt 
justified. However, in the recent past there 
has arisen a situation which clearly indicates 
that although Dapsone still remains the main- 
stay in the treatment of leprosy, treatment 
with this drug alone cannot be depended upon 
for controlling the spread of the disease. 
This is because of (i) development of sulphone 
resistance and (ii) persistance of sulphone 
sensitive bacilli even after long periods of 
sulphone therapy. The mechanisms of these 
two phenomena are of different nature, and 
as a matter of fact the mechanism of persis- 
tance of drug sensitive bacilli is not well under- 
stood. The two matters will therefore be 
_ briefly considered separately. 


(i) Dapsone Resistance. Ina percentage of 
patients under treatment with this drug, there 
occurs a stage when the leprosy bacilli in 
their bodies are no longer sensitive to dap- 
sone, rendering the drug inactive in such 
cases ; in other words, dapsone-resistance 
develops. Asa result, these patients who had 
previously been progressing under treatment, 
no longer respond to it, and their condition 
begins to deteriorate even under continued 
treatment with the drug. It may be stated 
that development of Sulphone Resistance has 
been reported only in multi-bacillary (lepro- 
matous and near lepromatous) cases. 


The development of sulphone resistance | 


affects not only the patient concerned, but 
also the community at large, because such 
patients will spread leprosy with the dapsone 
resistant strains of the bacilli, and the persons 
thus infected will not respond to treatment 
with dapsone even at the start of treatment 
i.e. there will be primary or pre-treatment 
resistance. There is also some evidence to 
the fact that this process has already started 
as would appear by a recent publication of 
Pearson et al (1977). So far it was believed 
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that primary i.e., pre-treatment dapsone resis- 
tance was not seen, or if present, it was very 
rare. Pearson et al have reported on 8 
patients from Ethiopia, 5 with primary dap- 
sone-resistance confirmed by the mouse foot- 
pad method. This clearly demonstrates that 
‘Persons living in areas where acquired dap- 
sone resistance is common may be infected 
with dapsone-resistant strains of Mycobacte- 
rium leprae.” 


The problem of dapsone-resistance of Myco. 
leprae is no doubt a serious one, but fortu- 
nately means are available to face the prob- 


lem. There are a number of other anti- 


leprosy drugs available, the use of some of 
which in combination with dapsone is very 
likely to prevent the development of dapsone- 
resistant strains of the leprosy bacillus. The 
most potent of all these drugs is Rifampicin, 
and combined treatment with these two drugs 
(dapsone and rifampicin) appears to be the 
obvious method for preventing development 
of sulphone resistance. The most economic 
two-drug regimen, a combination of sulphones 
with rifampicin, is that suggested by Pattyn 
et al (1974 and 1975) i.e., the two to three 
months introductory treatment with rifam- 
picin 600 mg daily or 900 mg weekly, followed 
by daily dapsone. Another combination 
recommended is that of dapsone and clofazi- 
mine. However, Pattyn et al (1975) found 
clofazimine slow in action and of no value 
except as an additive to the introductory 
treatment with intermittent Rifampicin. 


Need for multi-drug treatment. Drug resis- 
tant strains of Myco.: leprae are known to 
develop sooner or later with all the presently 
available anti-leprosy drugs (including rifam- 
picin). As a matter of fact, dapsone is the 
best drug from this point of view as secondary 
resistance to it develops after a very long time, 
the earliest recorded case has been after five 
years of treatment, and the period before 
secondary sulphone resistance develops may 
even be 20 years or longer. Because of the 
danger of resistance developing against all 
the drugs so far used alone i.e., as mono- 
therapy against leprosy, it is being generally 
recognised that in the combined therapy of 
mycobacterial diseases, instead of the treat- 
ment being a two-drug therapy, it should be a 
combination of 3 to 4 potent anti-mycobacte- 
rial drugs. Thus, at the Forschungsinstitut, 
Borstel, Germany, as reported by Freerksen 
(1975b), a four-drug regimen of multi-drug 
therapy has been evolved for the treatment of 


all mycobacterial diseases including tuber- 
culosis and leprosy. This four-drug regimen 
includes Rifampicin, Dapsone, Prothiona- 
amide and Isoniazid (INH) ; the last three 
drugs are included in a single tablet known as 
Isoprodian. This treatment is therefore 
designated as Rifampicin plus Isoprodian. 
Several short term trials of this four-drug 
therapy in leprosy have been carried out; and 
satisfactory results were reported at the 
Second International Leprosy Colloquium 
held at Borstel in Germany, and have been 
published in the Supplement to Leprosy Re- 
view, Vol. 46, 1975. However, the satis- 
factory results could refer only to the clinical 
and bacteriological improvement in the 
patients treated with it for short terms, and it 
is too early to say how much effect they will 


have on delaying or eliminating the develop- 


ment of Dapsone resistance, and prevention 
of relapses while treatment with this drug is 
continued. For a conclusion to be reached 
in this matter, long term studies are needed, 
and are in progress. Treatment with one 
single drug (mono-therapy) including treat- 
ment with dapsone or rifampicin sooner or 
later gives rise to drug resistance. Therefore, 
multi-drug therapy in leprosy for multi- 
bacillary cases—lepromatous and near lepro- 
matous cases—has become as essential as in 
any other mycobacterial disease in which it 
has become a common practice to use multi- 
drug therapy. 


Need for inexpensive multi-drug therapy. 
However, at present, and till it is freely avail- 
able at a considerably lower price, it will not 
be possible to use on a large scale a multi- 
drug therapy regimen in which rifamipicin is 
one of the constituents, because of the 
impracticability of its use in developing coun- 
tries where 95% of the present day leprosy 
problem exists. Therefore, till the price of 
rifampicin comes down greatly and/or till 
inexpensive but effective intermittent regimens 
for use of rifampicin are evolved, it is essential 
to develop economic methods of multi-drug 


therapy {in leprosy by combining dapsone. 


with some other anti-leprosy drugs which may 
not be as potent and as effective as the four- 
drug formula of dapsone, rifampicin, 1sonia- 
zid and ethionamide (or prothionamide). 
For the purpose of evolving an inexpensive 
multi-drug therapy for leprosy, attention 1s 
invited to the two drugs—Isoniazid and Thia- 
cetazone—for combination with dapsone. 
The value of isoniazid and thiacetazone in 
the treatment of Tuberculosis was first 
demonstrated in East Africa, and was later 


confirmed by the Tuberculosis Investigation 
Centre, Madras (1963 a & b), established by 
the Indian Council of Medical Research for 
evolving inexpensive regimens for the treat- 
ment of pulmonary tuberculosis. The results 
of the Madras Centre were confirmed by 
several other workers in India. It may be 
said that these two drugs in one tablet (under 
different trade names and various strengths) 
are widely used in India as a follow-up treat- 
ment of pulmonary tuberculosis. 


There is some reluctance, especially by 
dermatologists, to use these two drugs in 
combination with dapsone. This is due to 
the fact that isoniazid in high doses causes 
peripheral neuropathy in a percentage of 
patients ; and that thiacetazone causes aller- 
gic dermatitis in a small percentage of patients. 
As regards isoniazid, the experience of the 
Tuberculosis Chemotherapy Centre, Madras 
(1963) is that small doses of isoniazid upto 
300 mg per day do not cause any peripheral 
neuropathy, and that bigger doses (400 and 
650 mg daily) produce neuropathy in a per- 
centage of cases, but that it can be prevented 
by giving a small (6 mg) daily dose of pyri- 
doxine ; however, there is no advantage in 
using these higher doses. As to the impor- 
tance of isoniazid in a regimen of a combined 
therapy for mycobacterial diseases, it may be 
said that at the Forschungs-institut, Borstel, 
Prof. Freerksen (1975 a) found that all the 
three-drug combinations investigated by them 
were found to be effective only if isoniazid or 
ethionamide was one of the constituents. As 
regards the allergic dermatitis produced by 
thiacetazone, the Tuberculosis Chemotherapy 
Centre, Madras (1966) in a controlled study 
with isoniazid-thiacetazone and _isoniazid- 
PAS, found that cutaneous hypersensitiveness 
developed in 5 of the 75 patients of isoniazid 
and thiacetazone combination, 3 occurred in 
first month and 2 in the second month. Simi- 
lar cutaneous hypersensitiveness was found in 
4 of the 71 cases treated with the combination 
of isoniazid and PAS, though the condition 
was usually more severe in the thiacetazone 
group. On account of this allergic dermatitis 
appearing in a small percentage of cases, there 
is of course need for being vigilant in the first 
three months during combined treatment with 
isoniazid and thiacetazone, since toxic effects, 
if any, are manifest during the first 12 weeks. 
However, there is no justification of rejecting 
the combination altogether. Caution in the 
matter is no doubt necessary, and for this 
purpose it is proposed that for the first three 
months the combined tablet should contain 
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only 25 mg of thiacetazone. As combined 
tablets containing different strengths of the 
two drugs are readily available in India, there 
should be no difficulty in this respect. Any 
patient sensitive to thiacetazone can thus be 
detected and excluded from this combined 
treatment and put on dapsone, isoniazid and 
another anti-leprosy drug like thiambutosine 
which does not produce drug dermatitis, and 
which was at one time considered to be the 
2nd line of treatment of leprosy, dapsone being 
the first thiambutosine has also been used 
in combination with Rifampicin by Rees and 
his group (Rees, 1975). 


Not a new idea. The use of the combina- 
tion of DDS with isoniazid and thiacetazone 
in the treatment of leprosy patients is not 
altogether a new idea. The combination has 
. been used as a follow-up treatment of patients 
suffering from both leprosy and tuberculosis 
since a long time at the Central Leprosy Tea- 
ching and Research Institute at Chingleput in 


South India ; it was in vogue when the present. 


author joined as Director of the Institute in 
1957, it was continued during his tenure till 
1966, and it ‘s still in use as ascertained from 
the present Director. The treatment consists 
of giving dapsone in prescribed doses for the 
treatment of leprosy, together with treatment 
of tuberculosis on the followingl ines—strep- 
tomycin I gm given intramuscularly with 300 
mg INH daily till 50 to 60 gm of strepto- 
mycin has been given, and then treatment is 
continued with 300 mg, INH and 150 mg. 
thiacetazone (adult dose) for as long as it is 
found necessary. Thus, at this Institute, 
treatment of patients suffering from both 
leprosy and tuberculosis consists at first of a 
combination of dapsone, streptomycin and 
INH, and later streptomycin is replaced by 
thiacetazone. Under this combined treat- 
ment there is improvement in both the leprous 
and tuberculous conditions. Since no control 
trial has been made, it is difficult to say whe- 
ther improvement in the leprous condition was 
more marked in patients under combined 
treatment than in the leprosy patients treated 
with dapsone alone. However, in the expe- 
rience of the present writer, as also of the 
present Director, there have not been observed 
so far any complication of peripheral neuro- 
pathy due to continued use of INH, or any 
complication of exfoliative dermatitis due to 
the continued use of thiacetazone in the doses 
prescribed. 


Further, during the discussion on combined 


treatment at the Borstel Colloquium, Moles- 
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worth (1975) gave the information that in 
Malawi thiacetazone and isoniazid were being 
given to leprosy patients on treatment with 
DADDS ; and he strongly advocated the use 
of a combined tablet of isoniazid and thiace- 
tazone. At the request of the present writer, 
Molesworth (1977) supplied further informa- 
tion on the subject which is abstracted here, 
as it has a direct bearing on the subject under 
discussion. The points that emerge from his 
letter are: (1) he entirely agrees with the 
present author’s. view regarding the combined 
therapy with dapsone, thiacetazone and isonia- 
zid for treatment of multi-bacillary leprosy 
patients, and also with the dose of the three 
drugs suggested for the adult patients ; (2) he 
has given up DADDS because it releases very 
small doses of DDS, even smaller than the 
sulphetrone injcctions used by him earlier in 
Malaysia, when it was used as a monotherapy, 
and that he wae now using 50 mg dapsone per 
day instead ; (3) to regulate the combined 
treatment in adults and children they have got 
combined thiacetazone-isoniazid tablets in two 
strengths, HT, tablets for adults (containing 
150 mg thiacetazone and 300 isoniazid) given 
once a day, and HT, tablets for children 
(containing 50 mg thiacetazone and 100 mg 
isoniazid); of the children’s tablet 1 or 2 are 
given per day according to the weight of the 
child till he is big enough to get the full dose 
i.e. one HT, tablet a day ; (4) he does not get 
cases of peripheral neuropathy with the doses 
used, and does: not expect any, except by 
accident ; (5) he has met with only 3 cases of 
dermatitis due to the thiacetazone content out 
of several thousands treated, and all the three 
responded rapidly to withdrawal of treat- 
ment ; of the three cases, two had only miliary 
itching erythema, the third was more severe 
with exfoliation and needed corticoids ; 
(6) the very few cases which are found sensi- 
tive to thiacetazone can be treated with alter- 
native drugs (as also suggested by the writer 
of this note); (7) in his experience the results 
with dapsone-thiacetazone and isoniazid have 
been the same as those reported with rifam- 
picin plus isoprodian i.e. a very rapid fall of 
MI to zero, and the BI diminishing very 
slowly. 


In the absence of experience it is not claimed 
that the suggested inexpensive combination 
(Dapsone 50 mg, thiacetazone 150 mg, and 
isoniazid 300 mg) will be as efficient in preven- 
ting development of dapsone resistant strains 
of the leprosy bacillus as the combination or 
combinations containing rifampicin which is 
an extremely expensive drug and is not freely 


available. However, the suggested combina- 
tion is expected to be of definite value in this 
respect. The problem of preventing develop- 
ment of dapsone-resistance is so urgent that 
one should not wait till the cost of rifampicin 
is considerably reduced, and/or till a consi- 
derably less expensive regimen of intermittent 
administration of the drug has been esta- 
blished. The urgency of the matter demands 
that till either of the two objectives is achieved, 
something must be done for the treatment of 
multi-bacillary leprosy patients in an attempt 
to prevent the progressive increase of sul- 
phone-resistance, both primary and secondary, 
in developing countries, in ‘which the main 
leprosy problem of today exists. For this 
purpose the above suggested inexpensive for- 
mula appears to be the most feasible solution. 


The use of clofazimine for the combination 
is not being purposely suggested for two rea- 
sons : (i) like rifampicin, it is also an expen- 
sive drug, though not as expensive as rifam- 
picin ; (ii) the pigmentation it produces is not 
liked by a large number of patients for aesthe- 
tic and social consequences, especially on 
account of pigmentation in the face. The use 
of clofazimine should be reserved for purposes 
where it is especially indicated, viz. acute re- 
actions in borderline and tuberculoid cases, 
recurrent chronic reactions especially in the 
steroid dependent patients, in acute neuritis, 
etc. 


Bacterial Persistence. Another cause of 
relapse in lepromatous cases is due, not to the 
development of drug-resistanct strains of 
Myco. leprae, but due to persistence. of drug- 
sensitive organisms when dapsone or any 
other antileprosy drug is discontinued after a 
long period of its administration, and practical 
arrest of the disease. With dapsone it has 
been reported even after 10 years of contin- 
nuous treatment. It has been reported in 
cases on rifampicin and clofazimine as also 
under multi-drug therapy. Unless relapse 
occurs, the presence of very small numbers of 
viable and drug-sensitive bacilli are found 
especially in nerve, muscles, smooth (dartos) 
muscle and other places. The mechanism of 
this persistence is not clearly understood. It 
used to be considered to be due to the organi- 
nisms lying protected in nerves and other tis- 
sues where dapsone could not penetrate, and 
it was expected that rifampicin by penetration 
into these tissues would solve the problem of 
‘persistence’ of viable drug sensitive bacilli. 
However, this hope has not materialised as 
Rees (quoted by Gelber, 1976) found persis- 


tent bacilli even after 5 years of rifampicin 
treatment. Moreover, Allen et al (1975) have 
shown that dapsone, rifampicin, isoniazid 
and pyrazinamide can all penetrate the nerves 
of sheep and dog. 


Because of the ‘persistence’ of the bacilli, 
which in some cases can multiply after the 
cessation of treatment and thus cause a re- 
lapse of the disease, several workers advocate 
life-long treatment of lepromatous leprosy. 
However, the view of Prof. Freerksen (ex- 
pressed during the discussion on drug resis- 
tance) appears to be more rational and practi- 
cable. Freerksen (1975 c) states “At the 
present level of our experience we must have 
the courage to terminate a treatment after a 
sufficiently long observation period during 
which the patient remains negative*, and then 
investigate thoroughly the occurrence of re- 
lapse’. He further adds ‘“‘This of course must 
be done in hospitals chosen for the purpose, 
and with the help of suitable doctors. Of 
course if the relapse occurs, another course of 
treatment has to be given.” 


(2) Infectivity of Multi-Bacillary Cases 
under Treatment. As already stated, Bechelli 
and Martinez (loc. cit.) while writing about 
the impact of anti-leprosy measures in tropical 
Africa consider that one of the reasons for the 


. continuous spread is the infectivity of patients 


under treatment. This has obviously a refer- 
ence to a patient being considered as non- 
infective when all the bacilli found in smears 
from skin or nose are non-solidly stained i.e. 
when the MI is negative. This point was 
also emphasised by Dharmendra (1974). 
Concluding his article he had stated : “It can 
therefore be concluded that the question of all 
non-solid forms of the leprosy bacilli being 
degenerate and non-viable is still a very highly 
controversial matter.’’....,,[In the author’s 
Opinion it would be wise to stick to old crite- 
ria based on bacteriological negativity (BI 
zero) of multiple skin smears, and maintained 
at examinations repeated over 3 consecutive 
months.’”’ Dharmendra (1977) again referred 
to this matter in detail, and made the follow- 
ing observations regarding the significance of 
variations in morphology and staining charac- 
ters. 


The typical morphology: Typically, the 
leprosy bacillus is a straight or slightly curved 
slender rod varying from 6 to 8 micron in 
length and 0.5 to 1.0 micron in breadth. 
They are acid-fast, i.e. when stained with a 


* As judged by negative BI and not by negative MI 
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strong dye (carbol-fuchsin), they are not 
decolourised by dilute acids ; when stained 
with the Ziehl-Neelsen stain, the bacillus is 
stained bright red uniformly throughout its 
length. 


Variations in morphology and staining charac- 
teristics : Variations in morphology and 
staining characteristics have long been known 
in mycobacteria, and the leprosy bacillus is no 
exception. Morphological variations consist 
of the presence of short and stumpy forms, 
broken bacilli, cocoid forms with or without 
an attenuated rod projecting at one or both 
ends. Tinctorial variations consist of faintly 
staining bacilli resulting from decreased acid- 
fastness, and irregular staining resulting in the 
bacilli looking like diphtheroids. _ 


Interp. etation of tinctorial variations : Rees 
and Valentine (1962) had suggested that non- 
solidly stained leprosy bacilli were degenerated 
and non-viable. Rees (1969), and Shepard 
and McRae (1965) have taken the position 
that only solidly staining intact rods are viable 
leprosy bacilli. The other forms categorised 
as ‘“‘non-solids”’, were considered ‘“‘degenerate”’ 
and non-viable. Shepard and McRae (loc. 
cit.) and McRae and Shepard (1971) conclu- 
ded from their experiments that the capacity 
to multiply in the mouse foot-pad was directly 


related to the capability of leprosy bacilli to: 


stain solidly. 


On the basis of this concept of the non- 
solidly staining forms being non-viable, a 
morphological index (MI) giving the percen- 
tage of solidly stained bacilli has been des- 
cribed. A lowering of this index is taken as 
a proof of therapeutic activity of a drug in a 
leprosy patient. The non-solidly staining 
bacilli or those which are lightly or irregularly 
stained, are considered by these workers 
to be degenerate and non-viable. Further, 
when there are no solidly stained bacilli in 
skin or nasal smears, the patient is consi- 
dered to be non-infectious. 


The matter is still highly controversial : 
While the utility of the morphological index 
(MI) for the purpose of assessing the activity 
of a drug is now generally well recognised, 
scepticism has often been expressed by several 
workers (including the present author) about 
all non-solid bacilli being non-viable. 


It is a common experience with many 
leprologists that several active untreated 
lepromatous patients may show a very low, 
may be a zero MI. In this connection the 
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WHO Panel on Therapy of Leprosy (1970) 
expressed doubts about the concept of a// non- 
solidly staining forms being non-viable. The 
Panel remarked ‘‘It must however be borne in 
mind that non-solid bacilli may be seen with- 
out drugs having been administered. Indeed 
it has frequently been observed that untreated 
lepromatous patients show a morphological 
index varying from 0.50% to 50.0% even in 
fresh lesions of very recent origin. This 
observation has led some specialists to think 
that the concept of viable bacilli should be 
amplified to include forms that show slight 
irregularity of morphology or staining”’. 


With reference to the morphological index 
reflecting the viability of the leprosy bacillus, 
the WHO Expert Committee on Leprosy in 
its fourth report (1970) observed : ‘‘Because of 
its limits of sensitivity, however, it is not a 
suitable procedure for distinguishing the 
infectious from the non-infectious patients, 
even when performed under optimal condi- 
tions by highly experienced investigators.” 


Chatterjee (1973) in an editorial in ‘‘Leprosy 
in India’’ has reviewed the subject. He states 
‘the concept that viability in mycobacteria can 
be determined by its staining quality has 
always been a controversial issue. It is true 
that staining qualities vary in a mycobacterial 
population, and that it undoubtedly repre- 
sents change in the biological character of the 
organisms. But, in the biological world, one 
always deals with grades of change, a spec- 
trum, rather than an ‘all or none’ pheno- 
menon.” He thinks that the basic defect of 
the concept appears to be in the lumping up 
of all non-solid staining M. /eprae as degene- 
rate, and therefore non-viable and non-infec- 
tive. 


The Committee on Microbiology of the 
International Leprosy Congress, Bergen (1973) 
includes the following statement regarding the 
relation between morphology and viability of 
the leprosy bacillus. ‘The present MI does 
not distinguish the infectious from the non- 
infectious patients. No unified opinion has 
been formulated regarding the question whe- 
ther the ratios of solid staining bacilli are 
associated with viability in the bacteriologic 
sense. Further ‘studies appear necessary”’. 
This view has also been voiced even more 
strongly at the Second International Collo- 
quium (1974) at Borstel in Germany. At this 
Colloquium, several speakers, including 
Karat, Ridley and Prof. Freerksen, clearly 


stated that morphological and tinctorial chan- 
ges in the lerposy bacillus cannot give infor- 
mation about its viability or non-viability. 
Karat remarked “In my experience there has 
been no consistent relationship between the 
number of solidly staining organisms present 
in a given biopsy homogenate and the culti- 
vation of those bacilli in the foot-pads of 
mice.” Ridley laid special emphasis on the 
fact that even slight variations in the staining 
technique would lead to differences in staining 
characters, and stated “‘That any index which 
depends on staining bacteria is notoriously 
open to difficulties.” He further added that 
“4t is obviously difficult to determine the exact 
point at which it ceases to be viable”. Freerk- 
sen (1975 c) spoke of the environmental chan- 
ges affecting the morphological and tinctorial 
characters of all mycobacteria including the 
leprosy bacillus. In this connection he 
stated “It is typical for all mycobacteria that 
by alteration of the medium they undergo 
considerable morphological changes inter- 
preted as phenomenon of adaptation. When 
the chemotherapeutic substances are applied 
to an organism, the ‘tissue medium’ is ren- 
dered unfavourable for the growth of leprosy 
bacilli. The same thing happens when bacte- 
ria are transferred from one culture to another, 
or from one experimental animal to another. 
This phenomenon is not restricted to Myco. 
leprae ; it is common to all mycobacterial 
species we have studied with regard to this 
property.’ Earlier, while speaking on the 
Rifampicin-Isoprodian combination, he 
4{Freerksen, 1975b) had referred to all species 
of mycobacteria having the ability to adapt to 
changing environmental conditions by granu- 
fation, fragmentation, etc. Therapeutic 
agents represent an environmental influence. 
On the other hand, under insufficient treat- 
ment, regular forms may recur. He goes on 
to say ‘“‘that is why the decisive criterion is not 
the MI, but the reduction to zero of the BI.” 


The scepticism regarding all non-soldlly 
staining bacilli being non-viable is supported 
by the following observations. 


Karat et al (1973) have reported the success- 
ful ‘takes’ in foot-pads of mice in 30 (83.4%) 
of the 36 experiments using zero morphologi- 
cal index AF bacilli from untreated leprosy 
patients. They have stated that while the 
teduction in morphological index in patients 
who had effective specific anti-leprosy therapy 
is an undisputable fact, where uncertainty 
arises is in the significance of these changes in 
the staining characteristic of M. leprae vis-a- 


vis their ability to multiply in the foot-pads 
in mice and to use this criterion for their via- 
bility. 


Desikan (1976) at the Central Leprosy Tea- 
ching and Research Institute, Chingleput, 
while referring to the Morphological Index 
(the percentage of solidly stained bacilli), 
points out that slight alterations in the stain- 
ing characteristics do not necessarily indicate 
non-viability of the bacilli. He had arrived 
at this conclusion by mouse-to-mouse passa- 
ges of leprosy bacilli with different staining 
characters and morphological forms (solidly 
stained, the non-solidly stained bacilli of 
different forms—coccoid forms, broken 
bacilli, dumb-bell shaped bacilli, beaded bacilli, 
indented bacilli and short stumpy forms). 
He found that in 12 experiments with inocula 
containing 1-10% solidly staining bacilli, the 
rate of multiplication was the same as in the 
8 experiments with the inocula containing non- 
solidly staining bacilli i.e. with the inocula 
with a morphological index of 0. This point 
was brought out most prominently in two 
experiments : the inoculum in one contained 
97% broken bacilli and 3% beaded bacilli ; 
in the other case the inoculum contained only 
coccoid and highly fragmented bacilli ; all the 
same the multiplication was of the same 
order as jin the case of other experiments 
including those with the inocula containing 
1-10% of solidly stained bacilli. He con- 
cludes that his work does not support the 
hypothesis that fragmented bacilli are dead. 
He further says that after a particular stage 
these fragmented bacilli become non-viable 
but that “it would be difficult to state at what 
stage or at what time these fragmented bacilli 
are rendered non-living.” 


Conclusion 


It can, therefore, be concluded that the 
question of al] non-solid forms of the leprosy 
bacilli being degenerated and non-viable is 
still a very highly controversial matter, and 
that many workers are very sceptical about 
the alleged relationship between the staining 
characters of M. leprae and its viability. It 
cannot, therefore, be stated that when in 
patients under chemotherapy~the MI from 
skin or nasal smears becomes zero, the patients 
become non-infective. 


In view of the above statements, it is essen- 
tial to take some steps to eliminate contact, 
especially of children, with infective patients 
under treatment till chances of their dischar- 
ging bacilli whether solidly or non-solidly 
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stained through skin and nasal ulcers are 
eliminated, whether the case is early or ad- 
vanced. | 


The writer believes that one of the most 
important loopholes in the leprosy control 
campaign through mass chemotherapy is that 
no steps are being taken in order to prevent 
the spread of the disease by patients under 
treatment, but who are still infective. There 
is no doubt that under effective treatment the 
bacillary load and therefore the infectivity of 
the patient gradually decreases, especially after 
the skin and nasal ulcers have healed and the 
nasal smears become negative. He believes 
that till this is achieved, some temporary 
steps should be taken to prevent contact bet- 
ween the infective patients and the healthy 
persons. 


It is encouraging to note that the Govern- 
ment of India has now recognised the impor- 
tance of this matter, and that some steps in 
this direction are being proposed to be inclu- 
ded in the National Leprosy Control Pro- 
gramme. Let us hope that something subs- 
stantial will be done in this matter. As 
regards the steps suitable to achieve this 
purpose, there appear to be three methods : 
(i) segregation at home, (ii) group segregation, 
and (ili) hospital segregation, in that order of 
priority. 


(i) Segregation at Home. It may be said 
that ‘home isolation’ if effectively carried out, 
is the best method from the psychological, 
social and economic points of view. It is 
true that in most countries with a high preva- 
lence of the disease, facilities for this purpose 
are at present not available in most homes. 
A separate room or hut, with separate feeding 
vessels, clothes, bed linen, towels, etc. are 
required for the purpose ; it may not be 
possible to afford these facilities because of 
the limited living space and limited resources 
of the family. It is therefore clear that, 
though possible in intelligent families with 
adequate resources, home isolation is not at 
present applicable on a wide scale in our 
country. However, every effort should be 
made to create conditions necessary for effec- 
tive home isolation on a wide scale. Besides 
educating the people in this connection, 
necessary incentives should be provided for 
the purpose to the families which need help 
to practice this method. Home isolation 
should not mean: that the patient should re- 
main confined to his room or hut all the time. 
He should, on the other hand, be kept usefully 
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employed in some work which does not bring 
him in contact with healthy persons. In 
villages it could be looking after the cattle, 
gardening and agriculture, etc. Of course, 
the treatment of the patients confined at home 
should be the responsibility of the mobile 
treatment unit working in that area. 


(ii) Temporary Stay at the Headquarters of 
a Control Unit. When home isolation is not 
possible, or in case of destitute persons who 
have no home, it will be necessary to make 
some other arrangement for their temporary 
stay away from the healthy population till all 
skin and nasal ulcers are healed, and nasal 
smears become negative. Some arrangements 
may be made collectively for the patients in 
villages under one or more treatment units 
at the headquarters of a control unit. 


(iii) Temporary Hospitalisation. If neither 
of the above two alternatives is possible, the 
patient may be temporarily hospitalised in 
general hospitals or infectious disease hospi- 
tals, and failing that in leprosy hospitals. Of 
course for the last course, the number of beds 
in the hospitals will have to be greatly in- 
creased especially at the Headquarters of the 
Leprosy Control Units in the field so that the 
patients do not have to go for hospitalisation 
far from their homes. 


It should be borne in mind that, wherever 
they are kept, the restrictions are being put on 
them in the interest of the society, and that 
they should be provided with all necessary 
amenities of life. 


(3) Need for Regular Treatment 


It is generally known that all the detected 
cases do not register for treatment, and out of 
those who register a large percentage become 
irregular or drop out for one reason or ano- 
ther. Special efforts are therefore needed to 
keep all the registered patients attending regu- 
larly for treatment, in other words, for case- 
holding. Efforts in this direction are urgently 
needed not only for the sake of the individual 
but also for its effect on the general popu- 
lation, especially because irregular treatment, 
as of course also treatment with very small 
doses, is a potent cause of development of 
drug registance, the baneful effects of which 
for the general population have already been 
referred to in detail. The greatest risk to 
healthy persons exposed to infection from 
such cases is the appearance of primary i.e. 
pre-treatment dapsone resistance, which makes 
dapsone useless for them even at the start of 


treatment. There are several measures that 
have been suggested by various persons to 
deal with this problem. The writer will make 
a mention of a few measures that appear very 
important to him. 


(i) A sympathetic and helpful attitude on 
the part of the para-medical personnel. 
Through proper health education and repeat- 
edly rubbing into them the advantages of 
regular treatment, the patients should be 
motivated to take regular treatment. It is 
also necessary for the workers to attend the 
treatment clinic punctually, and if for any 
reason the time and venue of a mobile clinic 
has to be changed, the patients should be 
informed about it sufficiently in advance. 


(ii) Any specific reason for irregularity 
given by a patient should be carefully looked 
into and attempts should be made to remove 
their difficulties as far as possible. 


(iii) The patient should be treated not for 
leprosy alone, but total health service should 
be rendered in case of minor ailments for 
which necessary facilities should be made 
available. 


(iv) The para-medical workers should be 
able to spot early signs of ‘threatened’ and 
‘concealed’ plantar ulcers, and should be able 
to teach the patients as to what to do when 
any such signs develop. 


(v) The para-medical worker should carry 
out health education regarding the disease 
with the help of instructions given to him, 
and with the audio-visual publicity material 
supplied to him. 


(vi) In order to enable the para medical 
workers to carry out the above stated func- 
tions, necessary changes should be made in 
their training, the period of which may have 
to be prolonged. Moreover, with additional 
duties assigned to them, their workload with 
regard to the number of population to be 
covered should be decreased. 


(4) Health Education—Need for strengthen- 
ing it: 

The importance of health education has 
been recognised from the very start of the 
leprosy control programme, and emphasis on 
it has been given at nearly all the Leprosy 
Conferences/Congresses both National and 
International. However, in practice it has not 
received attention to the extent that 1s neces- 
sary. The advantages of health education are 


too well known and it is not necessary to deal 
with them here. It has also been agreed that 
the health education should be directed at all 
sections of the society, though the modes of 
approach will have to differ for the various 
sections. Some of the points regarding the 
methods of health education are referred to 
below. 


(i) Need for a qualified health educator. 
For health education regarding leprosy to be 
put forcefully and correctly, there is need for 
some persons especially trained in the methods 
of health education. They should be made 
familiar with the various problems in leprosy 
to be tackled through health education, as also 
with the various aspects to be stressed in the 
health education regarding leprosy. Each 
state should have one or more such persons 
according to the needs of the individual states 
and according to the availability of suitable 
persons for the job. 


Each Health Educator can visit periodically 
several centres by rotation, and in addition to 
working himself, can also train the staff of 
these centres who could carry on the work in 
between his visits to a particular centre. 


(ii) The Health Educator and the staff 
responsible for carrying on the health educa- — 
tion according to his directions should be 
supplied with adequate audio-visual material 
designed properly for carrying out the work 
satisfactorily. 


(iii) The recent trend in certain quarters 
regarding health education is very disquieting. 
It should be clearly kept in mind that the 
health education should be based on 
PROVED SCIENTIFIC FACTS, although 
rendered in non-technical simple language. 
Of late it has been seen that several people are 
basing their health education on the possi- 
bilities on which investigations are still in 
progress. This relates to methods of trans- 
mission such as by talk, breath, etc. of the 
patients, through insect bites and the domestic 
flies, directly or by contaminating food or 
drinks. All these methods of transmission 
have been suggested and investigations regar- 
ding them are being carried on, but no investi- 
gator has proved or has claimed to have 
proved that infection does spread by such 
methods. They only speak of a possibility of 
these methods ; however, some enthusiastic 
workers take these methods as a certainty, 
and project it in their health education mate- 
rial. This tendency is very dangerous. If 
permitted to continue, it will undo all the work 
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that has been done for bringing about a change 
in the public outlook so that they adopt a 
rational attitude towards the disease and the 
persons suffering from it. The fear against 
leprosy that existed to a great extent till 20 
or 30 years ago, and which is only slowly 
getting less, is likely to come back again, and 
this will undo whatever has been achieved by 
the health education till now. It may be 
stated to the credit of the Hind Kusht Nivaran 
Sangh Headquarters Office, Delhi that the 
health education material prepared by it is 
based only on proved scientific facts. 


(5) Adequate Training in Leprosy of the 
entire Medical Profession 


India has a huge leprosy problem. The 
National Leprosy Control Programme and the 
voluntary agencies are trying to solve this 
problem, but they alone cannot adequately 
deal with this huge problem. For this pur- 
pose it is necessary to involve all the medical 
profession. For this, four things are neces- 
sary : 


(i) Adequate training in leprosy at the under- 
graduate medical level. The medical students 
at the under-graduate level should have ade- 
quate training in diagnosis, treatment and 
control of the disease. This matter is being 
discussed for a long time, and the attention 
of the Indian Medical Council has been invi- 
ted several times to this urgent matter but 
so far without any tangible results. 


(ii) Orientation Courses in leprosy for gene- 
ral medical practitioners. For the benefit of 
the general medical practitinoners, short 
orientation courses should be increasingly 
organised to keep them uptodate regarding 
the treatment and control of the disease. 


(iii) Refresher Courses for the medical (and 
para-medical) staff engaged in leprosy control 
work. It is very essential to keep the workers 
abreast of the recent developments in the 
subject. 


(iv) Post-graduate. Diploma Course in 
Leprosy. The scope and knowledge in the 
field of leprosy has been so fastly expanding 
in the recent past that there is great need for 
instituting a post-graduate Diploma Course 
in Leprosy. The DVD course which is 
supposed to cover leprosy, cannot cope with 
the increasing knowledge about the disease. 


(6) Protection of Healthy Children 


Though leprosy may be acquired at any 
age, in countries where leprosy is highly ende- 
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mic, most infections are acquired at early age, 
though the clinical manifestations of the dis- 
ease may appear several years later. It is 
also well known that many children of infec- 
tious leprosy, if not removed from them, get 
infected, but that if removed from them soon 
after birth, they escape infection. Protection 
of the children of infective patients from being 
infected is therefore very important. For this 
purpose the following steps may be consi- 
dered. 


(i) Separation of the child. The best way 
would be to separate the children of infectious 
parents soon after birth, and to rear them at a 
place where they are not exposed to infection. 
The chances of the children escaping infection 
get much less with the length of time before 
they are separated, and early separation crea- 
tes difficulties in feeding them, especially in 
tropical countries. This poses great difficul- 
ties unless some healthy relation is willing to 
adopt such healthy children. The other 
possibility is to keep them in institutions. 
However, children brought up in institutions 
specially meant for children of leprous parents 
suffer from great mental trauma and sitigma. 
If separation in an institution is found neces- 


. Sary, these children should not be kept in 


separate institutions meant for children of 
leprosy patients only, but in institutions or 
‘Homes’ for taking care of children in general 
for any other reasons. 


An alternate measure is to separate the 
infectious patients as indicated earlier. 


(ii) Efforts at making available a specific 
vaccine. Because of the difficulty of separa- 
tion of the children, especially soon after 
birth, it is necessary to think of other means 
for protecting such children. The ideal thing 
would have been to protect them by vaccina- 
tion against leprosy as is done in relation to 
several other infectious diseases. However, 
as already stated, at present there is not avail- 
able any protective vaccine against leprosy. 
Efforts in preparing such a vaccine are being 
vigorously followed, and it is possible that a 
vaccine may be available after some years. 


In the absence of a prophylactic vaccine, 
the following measures can be recommended 
for protecting the contacts of leprosy patients. 


(a) Chemotherapy of leprosy patients on a 
mass scale. Regular treatment of the source 
case with chemotherapeutic drugs, which in 
case of infective cases should mean treatment 


with a combination of antileprosy drugs i.e. 
with multi-drug therapy. In the villages, due 
to intimate mixing of the people, the entire 
population of a village may be considered as 
contacts, and as such exposed to infection, 
and therefore at risk of infection. This would 
_mean mass scale treatment of all leprosy 
cases, and that is the objective of National 
Leprosy Control Programme. 


(b) Prevention of contact with infective 
patients. This matter has already been dis- 
cussed, as also the means by which the object 
could be achieved. 


(c) Chemoprophylaxis. In the absence of 
immunoprophylaxis, chemoprophylaxis with 
dapsone in small doses has been shown to 
have a great* protective value (Dharmendra 
et al 1965, 1967). In acontrolled study using 
small doses of dapsone for prophylaxis carried 
out by the double blind method with a very 
large number of children upto 12 years of age 
of intra-familial contacts of lepromatous cases, 
these workers reported protection of over 52 
per cent, provided the source cases were also 
treated with dapsone (DDS). They found 
that the protective value of dapsone was con- 
fined to the children upto 10 years of age. 
Therefore if children upto that age alone are 
considered, the percentage of protection 
worked out to be much higher. The value of 
chemoprophylaxis has been confirmed by seve- 
ral other workers in different parts of the 
world. 


The prophylactic doses of DDS. Although 
larger doses for prophylaxis were used in the 
original studies, in view of later experience the 
following prophylactic doses of DDS are 
recommended for child contacts according 
to age. 


Age group Dose in mg 
in years 
If given If given 
twice a once a 
week week 
0—2 5 10 
3 — 5 10 20 
6 — 10 Zo 50 
Over 10 50 100 


In case of the child who is in contact with a 
lepromatous mother, who is under regular 
DDS therapy, there is no need for prophy- 
laxis till the child is weaned, because the breast 


TS 2 oT 
* Going by published results, ‘great’ seems to be a 


bit of over-statement-Editor. 


fed child will get adequate amounts of DDS 
from the breast milk. 


The duration of prophylactic treatment. The 
duration of prophylactic treatment should be 
for 3 years after the source case becomes non- 
infective, or is removed from contact with the 
child, or if the child is separated from the 
source case. Of course, as stated earlier, it 
has to be emphasized that prophylactic treat- 
ment of a contact should be in addition to the 
treatment of the source case. 


It may be stated that there is no danger of 
development of sulphone resistance as a result 
of chemoprophylaxis. In multi-bacillary 
(lepromatous and near lepromatous) cases of 
leprosy, use of very small doses of dapsone 
tends to produce resistance to the drug. 
However, that risk does not apply to healthy 
contacts, who if infected are likely to harbour 
only very small number of bacilli. 


(iv) Methods of family planning. Another 
method of minimising this problem of children 
is to advise the patients to practice mevihods 
of family planning, as is being done in case of 
the general public in order to check the pro- 
gressively growing population of the country 
at a very fast rate. However, the question of 
compulsory sterilisation of leprosy patients 
should not be thought of, and no quarter 
should be given to enact any legislation to 
this effect as is sometimes proposed. Any 
legislative measure in this matter will serve no 
useful purpose but may do definite harm. 
Attempts at compulsory sterilisation in this 
matter will lead to concealment of the disease, 
whereas there is urgent need to detect cases of 
this disease at an early stage, and to treat 
them to prevent advancement of the disease 
and deformities. Moreover, the patients may 
become hostile, and may not co-operate with 
other activities of the Leprosy Control Pro- 
gramme. Moreover, it should be appreciated 
that even if compulsory sterilisation of all 
leprosy patients were possible, the measure 
will not have an appreciable impression on 
the spread of the disease, since a vast majority 
of new cases occur amongst children of healthy 
persons through extra-familial contact. Of 
course, the incidence of the disease is much 
higher in the intrafamilial than in the extra- 
familial contacts, but the overall situation is 
reversed because of the extra-familial con- 
tacts being overwhelmingly greater in number. 


Indications for sterilisation. There are two 
main indications for this measure (a) Preven- 
tion of spread of infection to the children, i.e. 
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on public health grounds and (b) Prevention 
of strain of pregnancy and lactation to the 
mother, i.e. on medical grounds. 


(a) As a preventive measure, it is indicated 
when one or both of the parents are cases of 
leprosy of the infective type ; or when living 
conditions of the patients are such that chil- 
dren born of even non-infective cases are 
likely to be exposed to infection from other 
infective cases, for example, in settlements 
of beggers with leprosy. 


(b) On medical and social grounds it may be 
indicated in some non-infective cases of lep- 
rosy, or in a non-leprous male partner when 
the wife is suffering from non-infective lep- 
rosy, to save her from the strain of preg- 
nancy which may affect the disease adversely. 


Someo ther methods of restricting birth of 
children. At the present moment the need 
for family planning, and of restricting the 
number of births is receiving great attention 
in order to prevent further explosion of popu- 
lation. There are several new contraceptive 
methods meant for the population in general ; 
these methods should also be made use of in 
the case of leprosy patients. The most useful 
and practical contraceptive methods appear 
to be the simple surgical measure of vasec- 
tomy or the use of the condome by the male 
partner ; and surgical method of tubectomy 
or an intra-uterine loop for the female partner. 
The oral contraceptives are also being advo- 
cated, and there is also the possibility of 
developing an anti-pregnancy vaccine. 


(7) Role of Leprosy Hospitals 


Mass Scale Chemotherapy is the Ideal 
Approach, for Leprosy Control. Till the dis- 
covery of the sulphones for the treatment of 
leprosy, the ideal method of control of the 
disease was considered to be the isolation of 
infective cases of this disease, and this was 
impracticable on a large scale. The sulphones 
brought about a revolution not only in the 
treatment, but also in the methods of control 
of the disease. The present day anti-leprosy 
campaigns are therefore mainly based on the 
mass scale treatment of the cases with sul- 
phones and/or other chemotherapeutic drugs 
discovered after the sulphones. This, of 
course, is undoubtedly the right approach to 
the problem, and the only approach possible 
especially in countries with huge leprosy prob- 
lems. However, the limitations of sulphones 
alone has already been indicated, as also the 
reasons for the multi-drug therapy for multi- 
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bacillary (lepromatous and near lepromatous) 
cases. 


Short Term and Selective Hospitalisation is 
Still Necessary. Although wide scale chemo- 
therapy on an outpatient basis is in general 
the ideal method for the control of leprosy, 
short term and discriminate hospitalisation 
on a voluntary basis is still needed to supple- 
ment the mass scale outpatient chemotherapy 
to meet certain situations. A reference has 
already been made to the need of this method 
in the highly infective cases, contact with 
whom cannot be eliminated by other methods 
such as segregation at home. Hospitalisation 
is needed for certain other reasons also as dis- 
cussed hereafter. It may be stated that to 
switch over from hospitalisation, which was 
the only method practiced before sulphone 
therapy, completely and exclusively to mass 
scale chemotherapy is moving from one ex- 
treme i.e. only hospitalisation to the other 
extreme i.e. only out-patient mass scale 
therapy, is not a right move. While mass 
scale chemotherapy on out-patient or domi- 
cilary basis is the method to be preferred in 
general, the need for short term and selective 
hospitalisation should not be altogether 
ignored. The role of such hospitalisation 
should be recognised, and a balanced view in 
the matter should be adopted. 


Need for Selective and Short Term Hospitali- 
sation. Short term hospitalisation may be 
necessary for more than one reason, and ade- 
quate arrangements should be made to meet 
the needs. Facilities for hospitalisation will 
be necessary in the field in association with 
Leprosy Control Unit, at the district level 
(in general and teaching hospitals, or failing 
that in a separate leprosy hospital), and in 
association with leprosy institutes in which 
leprosy research is in progress. 


The various purposes for Hospitalisation. 
Short term and discriminate hospitalisation 
may become necessary for the following 
reasons : 


(i) As a Public Health Measure. This has 
already been referred to. Hospitalisation on 
this account will be necessary in case of highly 
infective cases, whether early or advanced, till 
they cease to discharge leprosy bacilli (whe- 
ther solidly or non-solidly stained). Of 
course the need for hospitalisation will arise 
only in those cases where ‘home’ or ‘group’ 
isolation is not practicable. 


It is encouraging to note that the Govern- 
ment of India has accepted the principle of 


providing facilities for lodging such cases at 
the Headquarters of each Leprosy Control 
Unit. However, the financial assistance pro- 
posed to be given for each patient’s mainte- 
nance, as also for supporting his family is 
very meagre, bare sum of Rs. 40/- per month. 
The patient is expected to supplement this 
amount by earning through doing some work. 
It is wondered what work can they do during 
their short stay ; the only work they could do 
would be to resort to begging, which is a most 
undesirable thing. 


(ii) Treatment of Acute Complications. The 
acute condition may be due to leprosy, for 
example severe ‘reactions’, acute neuritis, 
eye or nose complications, etc. 


(iii) Treatment of patients with some chro- 
nic condition. The chronic conditions for 
which hospitalisation is necessary include 
chronic (progressive) reactions in lepromatous 
cases, complicated neuropathic ulcers, fixed 
deformities of upper and/or lower limbs, 
nasal deformities, difficult cases not respon- 
ding to the usual lines of treatment, etc. 


It is gratifying to note that the Govern- 
ment of India has accepted the principle of 
making available beds for treatment of acute 
and chronic complications in teaching and 
general district hospitals. However, it is 
essential that beds for the treatment of acute 
complications should be provided at the Head- 
quarters of each Leprosy Control Unit also. 
In very severe acute conditions, the transport 
of the patient to a distant hospital creates 
problems which may cause delay even at the 
risk of patients life. 


(iv) Treatment of Acute Complication due to 
other diseases. Leprosy patients are as likely 
to get acute complications caused by other 
diseases, for example acute abdomen etc. 
These patients should normally be able to get 
admission in a general hospital for treatment 
of the acute condition. However, it often 
happens that because of their having leprosy, 
they are often not admitted into general hospi- 
tals. Efforts should no doubt be made to 
change the attitude of the doctors incharge of 
the hospitals. However, till this change can 
be brought about, leprosy patients with acute 
complications caused by other diseases should 
be admitted temporarily in leprosy hospitals 
for the treatment of the acute condition. 
The same may apply to maternity cases, espe- 
cially the complicated ones. 


(v) For teaching at the Medical Colleges. 
In countries where leprosy is endemic, ade- 


quate teaching for the diagnosis and treat- 
ment of leprosy should be an essential part 
of teaching at the undergraduate level. The 
teaching should not be merely theoretical, but 
should include demonstration of the various 
types of leprosy lessions, and of the compli- 
cations and sequelae of the disease. For this 
purpose it is essential to have a ward for 
leprosy in the teaching hospital so that 
adequate material is available for necessary 
demonstrations to the students. 


(vi) Research in various aspects of leprosy. 
Researches in various aspects of leprosy are 
being undertaken on a progressively increa- 
sing scale by workers in various disciplines of 
science. Some lines of research can be 
followed without leprosy patients being pre- 
sent nearby. However, in case of some stu- 
dies, it is essential that patients be available 
nearby to be kept under observation. Such 
research projects include : 


(a) Clinical trials of new drugs found use- 
ful for the treatment of leprosy by 
experimental chemotherapy. 


(b) Studies on cases getting relapses due to 
drug resistance (while the patient is 
still under treatment with a drug) or 
due to persistence of drug sensitive 
bacilli (when the treatment is with- 
drawn after it has been administered 
for a long time—over 10 years or 
more). 


(vii) For training personnel needed for Lep- 
rosy Control Programme. Various kinds of 
personnel engaged or to be engaged in the 
leprosy control programme have to be 
trained for carrying out their duties efficiently 
in the field. Such personnel may be medical 
officers, para-medical workers, physiotherapy 
technicians, occupational therapy technicians, 
social workers, health and laboratory assis- 
tants, nurses, etc. For proper training of 
such personnel it is essential to have leprosy 
hospitals or institutions which have facilities 
not only for training in clinical and laboratory 
(bacteriological examination) techniques but 
also have facilities for training them in the 
field. These hospitals or institutions will also 
have to arrange for refresher courses for keep- 
ing the workers upto date in their respective 
fields. 


THE PROPER USE OF HOSPITALS. 
While advocating the importance of hospitals 
in a Leprosy Control Programme, it is neces- 
sary to point out that they should not revert 
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to fulfil the same functions that they were 
supposed to serve in the past. They should 
be used only for specific prurposes as stated 
above, or for any other legitimate function for 
furthering the cause of controlling the spread 
of leprosy. 


In this context it may be stated that the 
hospitals advocated here should not be used 
for committing vagabond leprosy patients 
under any existing or future legislation. 
They should not also be used for long or 
permanent stay of any other category of 
leprosy patients. 


There is certainly great need for taking care 
of crippled patients, but the hospitals visua- 
lised here are not the proper place for this 
purpose. To meet this particular situation, 
the right kind of institute should be of the 
nature of a ‘Poor Home’ or ‘Asylum’. 


SUMMARY 


1. The various activities under the Leprosy 
Control Programmes have been briefly consi- 
dered. 


2. The impact of the Programme on Con- 
trolling the spread of the disease has been 
examined. It has been concluded that 
although a large number of individual patients 
have benefitted by it, the programme has not 
made an appreciable impact on decreasing 
leprosy except in a few small countries or in 
limited areas of a country. This is true not 
only for India, but also for other endemic 
countries in the world. Thus the enthusiasm 
and optimism aroused at the commence- 
ment of the Dapsone-Based Control Pro- 
gramme have not been realised. 


3. Certain developments in chemotherapy 
(for example development of dapsone-resis- 
tance to a progressively increasing extent) indi- 
cate that if the programme is continued as 
upto present, one cannot look forward to the 
control of the disease for a long time. 


4. To achieve the desired objective, be- 
sides plugging the loopholes in the adminis- 
trative set up, there is need for changing our 
view point regarding several matters. 


5. The important points in which change 
in outlook is needed are discussed. It is 
admitted that there may be several other 
points needing attention. 


6. The points to which attention has been 
invited in the present paper are : 
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(i) The need for developing inexpensive 
multidrug therapy for lepromatous 
and near lepromatous cases, which 
could be applied in developing coun- 
tries in which exists the present day 
leprosy problem. 


(ii) The need is stressed for eliminating 
contact with infectious patients under 
treatment till they cease to discharge 
leprosy bacilli (solidly stained as well 
as non-solidly stained). The possible 
measures for this are discussed. 


(iii) The need for ensuring early and regu- 
lar treatment is emphasised, and 
some of the means are discussed. 


(iv) The need is stressed for strengthening 
the Health Education regarding the 
disease, and some suggestions for the 
same are made. The danger of 
basing health education on theories, 
and not on proved scientific facts, is 
highlighted. 


(v) The need for involving the entire 
medical profession in the programme 
is indicated, and for this purpose the 
urgent need of giving adequate educa- 
tion in leprosy at the under-graduate 
medical level is emphasised. 


(vi) The special need for attention to the 
important problem of children is 
emphasised, and some means for 
achieving the purpose are indicated. 


(vii) The important role that hospitals can 
play, in supplementing the wide-scale 
chemotherapy on _ out-patient or 
domiciliary basis, has been empha- 
sised. Some of the ways in which 
hospitals can help the Leprosy Con- 
trol Programme have been indicated. 
There may be some other directions in 
which the hospitals can be helpful, 
but a note of caution has been added 
that the hospitals should not revert 
to their old role, and they should not 
be used for admitting patients commi- 
tted under any existing or future 
legal measure. Neither should the 
hospitals be used for admitting 
crippled patients, for whom there 
should exist separate arrangements. 


7. Improvement in socio-economic and 
hygienic standards of the general population, 
although not specifically an antileprosy mea- 
sure, will contribute greatly towards control 
of leprosy as also of other infectious diseases. 


10. 


Ae 


xz 
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“RELEASE FROM CONTROL” IN LEPROSY 


T. F. DAVEY 


Up till 10 years ago the “criteria for 
discharge” in leprosy were regarded as a 
logical, necessary and relatively clear cut 
aspect of patient care. The menacing psycho- 
logical atmosphere which surrounded leprosy, 
both for patient and doctor alike, gave enor- 
mous importance to the concept of an end 
point, when after prescribed courses of 
chemotherapy, and the attainment of a 
condition of “inactivity”, a further period of 
observation and treatment could lead to the 
day when the disease could be regarded as 
arrested, and, hopefully, overcome. At that 
point chemotherapy could be suspended, a 
medical certificate given, and with the safe- 
guard of regular but occasional follow up, the 
patient could be restored to normal life. This 
was a day of great emotional content for 
patients. 


During the past decade several aspects of 
this approach to leprosy have been chal- 
lenged by events and by better understanding 
of the bacteriology and immunology of 
Mycobacterium leprae. The idea that a line 
can be drawn between infection and no in- 
fection has been rudely shattered. The very 
natural bacillus orientated approach made 
it easy to pontificate and even legislate on be- 
half of patients in the belief that they would 
meekly follow our advice. We have had to 
learn that the final arbiter on how much 
chemotherapy is taken and when treatment is 
stopped is not the doctor, but the patient him- 
self. All our well laid plans and carefully 
considered judgments fall to the ground if the 
patient on whose behalf they are made simply 
fails to co-operate. He, as well as the germ, 
must be at the centre of our concern, and our 
approach be such that our well meant pro- 
grammes are not frustrated. 


The judgments of the WHO Expert Com- 
mittee on Leprosy on this subject are highly 
relevant. The Report of the 4th Expert 
Committee (1970) included the following: 


“A leprosy patient without any sign of 
clinical activity, and with negative bacterio- 


logical findings should be considered as an 
“inactive case’. 


Once inactivity is achieved, regular treatment 
should be continued for varying periods of 
time before a patient is “released from 
control” (rfc). 


These periods should be 14 years for 
tuberculoid, 3 years for indeterminate, 
and at least 10 years for lepromatous and 
borderline cases. Since data on relapse 
after rfc are scarce, it is advisable and 
important to continue the follow up of 
lepromatous cases but without treatment. 
Some leprologists consider that this should 
be done for life’. 3 


This statement was endorsed by the 5th 
Expert Committee (1976) with an interesting 
proviso. “The Committee strongly recom- 
mended that inactive tuberculoid and indeter- 
minate cases be promptly released when they 
meet the criteria. This action is not only 
in the interest of the patient but has an im- 
portant bearing on operational efficiency 
and would release resources for other activities 
of the programme”’. 


Clearly in 1976 wider issues came within 
the purview of the Committee than the earlier 
approach, but the endorsement of the 1970 
statement means that the views then ex- 
pressed are carried forward as the recommend- 
ed norm for today. Some aspects of this 
invite discussion. 


It must first be said that for patients with 
types of leprosy towards the tuberuloid end of 
the spectrum the traditional approach re- 
mains valid. With such patients the question 
of ostracism and isolation should not have 
arisen, and following chemotherapy, inacti- 
vity and continuing therapy for the times 
suggested by the Committee, an end point 
can be envisaged and a discharge certificate 
be given with minimal prospect of relapse. 
The key here is surely the existence of cell 
mediated immunity as the limiting factor in 
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the infection, holding the promise of conti- 
nuing ability to deal with the bacillus, and 
monitored by a positive reaction to lepromin, 
whether this was there from the start or deve- 
lops in association with reversal reactions. 


CONTINUING CHEMOTHERAPY AND 
SURVEILLANCE. 


When we turn to patients with bacilliferous 
leprosy the position is rendered much more 
difficult by the discovery that even in spite of 
long periods of chemotherapy viable M. 
leprae may persist in internal organs, notably 
bone marrow, lymph glands and nerves. 
Clearly it is very important that the types 
of patient in whom such persister bacilli are 
found should be identified as accurately as 
possible. At present they must be assumed to 
include all patients with established lepro- 
matous leprosy. How far this phenomenon 
extends into the borderline part of the spec- 
trum remains to be determined. The crucial 
question is the extent to which such persister 
bacilli are responsible for relapse. A_ lot 
more data are needed on the whole subject, 
but there seems to be no logical reason why 
persister bacilli, granted favourable condi- 
tions, should not recommence reproductive 
life, the only possible exception being the 
small minority of such patients who ultimately 
attain lepromin positivity. 


It is not difficult to envisage such favour- 
able conditions. We already encounter them 
in relation to downgrading reactions. Clearly 
the discovery of persister bacilli has an im- 
portant bearing on chemotherapy. With 
such patients there can surely be no magical 
moment when after 10 years of inactivity 
we can say, Now it is all over, you can stop 
taking dapsone. At present the only defence 
we have against relapse is continuous chemo- 
therapy. As long as we are dependent on 
dapsone for maintenance therapy it would 
seem to be obvious advice to the patient with 
LL or BL leprosy that he should continue to 
take dapsone at therapeutic dosage indefi- 
nitely, even though he appears to be clinically 
inactive. This means that in present circums- 
tances there should be no discharge from treat- 
ment for such patients, and the “criteria for 
discharge’ have become irrelevant. 


By the same token there can be no discharge 
from regular surveillance. The whole purpose 
of surveillance is to monitor the possibility 
of relapse, whether this is caused by dapsone 
sensitive or dapsone resistant bacilli. As 
long as we accept the reasonable possibility 
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of relapse, then surveillance must contiue 
indefinitely, and is indeed very important. 


It would appear therefore that in LL and 
BL leprosy, with present chemotherapy and 
with present day knowledge, discharge from 
treatment or from surveillance should not be 
advised, both in the best interests of the patient 
and of the community. 


THE PERSONAL FACTOR 


Acceptance of this principle immediately 
poses a difficult question. How can we 
expect the cooperation of patients in such 
procedures? Careful studies in recent years 
have indeed: exposed the truth that frequently 
only a minority of patients continue to take 
dapsone as prescribed (e.g. Malawi; Ellard, 
Gammon and Harris (1974); Ethiopia, Low 
and Pearson, (1974); Bombay, Naik (1977). 
The same applies to attendances at treatment 
clinics. Many patients after longer or shorter 
periods of attendance simply discharge them- 
selves and make nonsense of the medical 
criteria for discharge. It so happens that 
patients with LL and BL leprosy are often the 
most faithful in their attendance, but there is 
a problem here which must be resolved. 


Now it is a fact of medical experience that 
people in general like to take medicines, 
whether they are Africans, Asians or 
Europeans, and will continue to do this as 
long as they feel that prescribed medicines 
are doing them good, the medicines are easy 
to obtain, and there are no economic or social 
problems involved. The taking of tablets 
indefintely holds no _ intrinsic problem. 
Millions of people do it, e.g. for hypertension, 
rheumatic conditions, or diabetes. Exactly 
the same is true of periodic medical examina- 
tions, provided the doctor—patient relation- 
ship is what it ought to be. Why then do we 
expect something different where leprosy is 
concerned? The reason cannot lie simply 
in the need for protracted treatment. It 
lies in the way the patient regards his illness 
and in the way he feels that other people, 
including the doctor, regard him, the sufferer 
from leprosy. All too often in the minds of 
patient, community and doctor alike, leprosy 
continues to hold a special anxiety-creating 
position, the natural reaction to which is to 
turn away from it, fail to face it, or forget it 
as quickly as possible. 


The WHO Committee recommends 10 
years of chemotherapy after inactivity in 
bacilliferous leprosy. If a patient has per- 
sisted for 10 years, he must also have got 


into the habit that there should not be the 
slightest difficulty in his taking it for 11,12 
years or indeed indefinitely. This is not the 
problem. The real problem is the desire to 
escape from the association with leprosy. 
This is something that deserves much more 
careful consideration than is usually given to 
it. 

The best likelihood of maintaining conti- 
nuity of treatment and surveillance, of en- 
couraging the patient to persevere, will occur 
if three things are safeguarded. 


1. The patient must be helped to under- 
stand the nature of his illness. 


2. The doctor—patient relationship must be 
good. So much depends on this. It 
is the experience of the writer that where 
patients believe they are going to be 
welcomed and treated with understanding 
and consideration they are prepared to 
face the facts of their disease and respond 
with continuous cooperation. 


3. Dapsone must be available as simply 
and unobtrusively as possible, not in the 
context of time consuming frequent 
visits to special clinics labelled in every- 
one’s minds as reserved for people with 
active leprosy. 


These principles apply during the first 10 
years as well as subsequently. If they can be 
achieved there seems to be no logical reason 
why a patient should not of his own choice, 
continue to remain under chemotherapy and 
surveillance indefinitely. 


It appears to the writer that the sustained 
cooperation of patients with LL and BL 
leprosy is made unnecessarily difficult by the 
perpetuation of old ideas and emphases. 


The WHO definition of inactivity includes 
negative bacteriological findings, a feature 
which condemns many patients at the lepro- 
matous end of the spectrum to long years of 
carrying the anxiety, and usually the stigma, 
of active leprosy. The traditional attitude 
would maintain that as long as acid fast 
material, regardless of its morphology, is 
found in routine skin smears, the patient is 
still suffering from active disease, and by in- 
ference other people are at risk. 


Ever since the work of Rees and Valentine 
(1962), the judgment has continuously built 
up at centres of the highest excellence in 
leprosy research, that viability in M. leprae 
is associated with the intact rod shaped, 
uniformly staining organism. Various 
attempts have been made to cultivate M. 


leprae from fragmented bacillary material. 
None has been authenticated. 


If we are ready to accept that it is the 
morphologically intact normal staining form 
of the bacillus which is responsible for th 
disease leprosy and for transmitting that 
disease, then any basic anxiety we have con- 
cerning leprosy as a transmissible disease 
should centre around that form of the bacillus 
and not around dead fragmented forms of no 
significance in the transmission of the disease. 
The role of dead bacilli in relation to ENL 
and neurological aspects of leprosy is an 
important but quite different question. From 
the angle of the patient’s capacity to transmit 
the disease, can it not be generally accepted 
that if the morphological index is zero, i.e. 
no bacilli of intact shape and staining can be 
found on careful bacteriological examination, 
then that patient is not to be considered as 
infective to others. Persister bacilli in deep 
organs are not capable of leaving the body 
and have no relevance to this matter. The 
important point is that if the patient is in 
practice regarded as not infective to others, 
then we should say so. This would give an 
enormous boost to the morale of patients 
with these types of leprosy. So often the 
consciousness of being infective to others 
creates deep anxiety in the minds of patients 
where their children are concerned, and is a 
potent factor in the depression that so easily 
leads to despair and  non-co-operation. 
Furthermore, the logic of the situation should 
be followed through. The patient should 
surely be regarded as in no way different from 
any other sick person. He should be able to 
attend general out-patient’s departments, 
occupy any appropriate hospital bed, be 
employed in any suitable capacity and have 
no social restrictions placed on him whatever. 
The idea that these normal prerogatives of 
people in community are to be denied until 
the traditional routine smears are totally 
negative for any acid fast materia! is scientifi- 
cally unsound and indeed may be considened 
uncharitable. This suggestion is not inherent 
in the WHO statement, but it is very much 
the common interpretation of what ‘“‘release 
from control” really means, an echo of earlier 
rigid attitudes to this disease. 


A LIBERAL OUTLOOK MUST BE 
BACKED BY SOUND TECHNOLOGY 


If we are looking diligently for viable bacilli, 
our technology must be reliable. This means 
first, that the nose must be included in our 
attention. This is still frequently neglected, 
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or if included, nasal examination often takes 
the form of old fashioned septal smears, 
taken less than 2 cms within the anterior 
nares and calculated to yield nothing im- 
portant. The inferior turbinate must engage 
our attention, and if as frequently happens 
it does not seem at first glance to be there, we 
need to realise that its anterior end has already 
been eroded by serious lepromatous disease. 
A bacteriological examination of the nasal 
discharge, choosing saneo-purulent areas is a 
sine qua non. 


Secondly, relapse commonly first manifests 
itself by the appearance at may be a single site 
in the skin of large numbers of normal staining 
bacilli in a patient elsewhere and previously ex- 
hibiting only fragmented bacilli. Three months 
later normal viable bacilli are likely to be 
widespread, but by then it is certain that intra- 
nasal infection will have been re-activated, may 
be worse than before initial treatment, and the 
patient be already discharging large numbers 
of viable bacilli from the nose. Early dis- 
covery of relapse is thus extremely important. 
There is no guarantee that common methods 
of skin smears, selecting fixed sites in an 
inflexible routine, will identify relapse in 
its earliest stages, though careful clinical 
examination might well have aroused suspi- 
cion. This is particularly important if the 
relapse as is very common, takes the form 
of histoid lesions. An important feature 
of histoid leprosy is its capacity to appear in 
areas of the body not usually selected for 
routine bacteriological examination, e.g. the 
buttocks, lower abdomen, upper thighs and 
genitalia. Histoid lesions readily ulcerate 
and discharge enormous numbers of viable 
bacilli. To the uninitiated a well defined 
histoid lesion might even be mistaken for a 
reversal reaction or unusual form of ENL. 
Clinical acumen and skill in taking and 
reading smears are essential if relapse is to be 
detected early. Failure on either side brings 
surveillance into disrepute and leads to the 
pessimistic dictum that inactivity in lepro- 
matous leprosy cannot be accurately assessed 
by routine bacteriological methods. There 
is comfort in the fact that relapse is far more 
common among patients who are not taking 
regular chemotherapy than among those who 
are, and this particularly applies to relapse 
with histoid leprosy. 


WIDER ISSUES 


In all our judgments affecting the life and 
well being of patients, the preservation and 
protection of the patient’s place in community 
life is a long term priority and there is no 
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escape from our responsibility in this direc- 
tion. Some separation during the stage of 
the disease when the patient is discharging 
viable bacilli must be acceptable, but as the 
morphological index is usually zero within 
6 months or thereabouts of starting treatment 
this is the sort of limit that needs generally 
to be visualised. There is of course no harm 
in some sort of “‘disease arrested”’ certificate 
following the criteria enunciated by the 
WHO Committee, but far more important in 
practice for the patient with LL or BL leprosy 
would be some form of medical certification 
given on request when the stage of negative 
MI had been attained, and indicating that the 
patient could be regarded as non-infective to 
others. Such a certificate would indeed re- 
lease the patient from his primary anxieties 
and restrictions, encourage his continuing 
cooperation and promote a much more open 
and healthy attitude to leprosy generally. 


It must be admitted that to secure such 
conditions considerable re-orientation and 
re-education of both patients and the com- 
munity are needed, regarding the nature of 
leprosy, the delivery of chemotherapy, and 
the meaning of surveillance. It can however 
be done, as Antia (1977) has shown. 


The fear that leprosy may be transmitted 
by forms of the bacillus other than the intact 
rod shaped bacillus may be hypothetical, 
but it dies hard, especially in relation to leprosy 
that appears to have been traced to patients 
considered bacteriologically negative. Re- 
cent work by Desikan (1977) showing that 
viable M. leprae may persist after dessication 
for up to 11 days has a direct bearing on this, 
and pinpoints possible unsuspected sources 
of such infections. The basic plea of this 
paper is that our sense of responsibility for 
patients with LL and BL leprosy should 
help us to accept with courage the facts 
regarding the viability of M. leprae which 
have been authenticated, and apply. them 
resolutely. 


There is one final point. Is “Release from 
Control’ a phrase worth retaining in its pre- 
sent context? In common English usage 
“‘release”’ suggests a previous state of bondage 
or imprisonment. “Control” suggests a 
restriction on movement. Both words, used 
in relation to patients who have been under 
chemotherapy for years and exhibited no sign 
of viable bacilli for a long time are not only 
irrelevant but psychologically harmful to 
patients, workers, and community alike. Are 
they really necessary? 
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BCG VACCINATION IN THE PROPHYLAXIS OF 
LEPROSY 


L. M. BECHELLI 


In 1939, studying the correlation between 
the lepromin and tuberculin tests in Paris, 
Fernandez observed a high proportion of 
lepromin reactors (Mitsuda reaction). This 
reactivity was ascribed to a cross-sensitiza- 
tion to Myco. tuberculosis, because ,the 
tested individuals presented a _ positive 
Mantoux reaction and lived in an area 
where leprosy was not endemic. In _ the 
light of these findings, Fernandez tried to 
determine whether the administration of BCG 
vaccine would cause the conversion of 
Mitsuda reaction in individuals non-reactors 
to lepromin. : 


He administered BCG to 123 children with 
negative tuberculin and lepromin. One 
month later all but one had a positive Mit- 
suda reaction. The lepromin test was re- 
peated and the results were as follows: 


87 (70.73 per cent) presented a positive 
Mitsuda reaction (Nodule or papule of 
5 mm or more, 21 days’ reading); 


26 (21.13 per cent) had a slightly positive 
reaction (induration larger than 3 mm 
and less than 5 mm), and 


10 (8.13 per cent) had not reacted. 


Fernandez referred to the “possibility of 
awakening, in healthy people, a resistance 
against Hansen bacilli by the BCG vaccina- 
tion”. This possibility should be investigated 
especially in contacts, and if results were 
confirmed a preventive agent of great value 
could then be used. 


The existence of a  cross-sensitization 
between tuberculosis and leprosy had already 
been admitted by Cummins and Williams 
(1934). 


After Fernandez’s report increasing atten- 
tion was focused on the subject, which be- 
came one of the most important in leprology, 
due to its eventual implications for leprosy 
control. If the studies, mainly field epidemio- 
logical trials, indicated a preventive effect 
of BCG vaccination against leprosy, the 
methodology of control could be substantially 
changed and better results would be achieved 
in preventing the spread of the disease. 


We shall consider initially (A) the immuno- 
allergic correlation between tuberculosis and 
leprosy by the comparative study of tuberculin 
and lepromin tests; (B) the effect of BCG 
vaccination on the lepromin reaction and 
finally, (C) epidemiological studies and field 
controlled trials. 


A. Immuno-allergic correlation between tuber- 
culosis and leprosy by the comparative 
study of tuberculin and lepromin tests* 


Investigation of the immuno-allergic 
correlation between tuberculosis and leprosy 
has been almost exclusively undertaken to 
obtain evidence of a cross-sensitization be- 
tween tuberculosis and leprosy. This has 
been done by the comparative study of the 
tuberculin and lepromin tests and by the 
effect of BCG vaccination on the lepromin 
reaction. 


Comparative study between the tuberculin 
test (Mantoux reaction) and late lepromin 
(Mitsuda) reaction 


In a review of the subject, Bechelli (1962, 
1970 and 1971) studied the co-efficient of 
correlation of tuberculin and lepromin posi- 
tivity in different areas or countries; the late 
lepromin reaction in healthy individuals with 
negative or positive tuberculin tests; tuber- 


* A detailed review of the literature can be found in Bechelli, L. M. (1971), Acta Leprologica, 42-43, 63-125. In 
this paper, the relevent references for the author mentioned in the text, may be found. 
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culin and late lepromin reactions in leprosy 
and tuberculosis patients. In the light of the 
data reviewed, and of his own personal studies, 
he drew the following conclusions: 


— In many of the groups studied tuber- 
culin positivity is associated with a higher pro- 
portion of positive Mitsuda reactions. This 
excess of lepromin reactors among the tuber- 
culin-positive people has been attributed to a 
cross-sensitization with Myco. tuberculosis 
or some germ related antigenically with it. 


— Among the tuberculin-positive people 
there is a variation of the proportion of lepro- 
min positivity and of lepromin reactors from 
one area to another, and even in the same area. 
This seems to reduce the importance of cross- 
sensitization with Myco. tuberculosis and 
imply the existence of other more important 
determining factors of lepromin positivity. 


— The proportion of lepromin positivity 
in tuberculin-negative people (96,7 per cent 
in a group of contacts) is high. 


— Among the tuberculin-positive indivi- 
duals a variable proportion—often similar 
to that of the negatives and sometimes high 
as in the data of Davey et al. (1958)—do not 
react with lepromin. 


— In lepromatous patients, tuberculin- 
positive or negative, the Mitsuda reaction is 
usually negative. 


— Tuberculin positivity in tuberculosis 
patients may or may not be associated with 
a higher proportion of lepromin reactors. 


— The appraisal of the data reported leads 
one to admit the existance of a cross-sensitiza- 
tion with Myco. tuberculosis, but within cer- 
tain limits which seem to be narrow. 


Further studies are necessary, especially in 
rural areas and in children 0-4 years old, 
in endemic and non-endemic areas, including 
also tests with other acid-fast mycobacteria. 


Comparative study between the tuberculin 
test (Mantoux reaction) and early lepromin 
(Fernandez) reaction 


Some authors think that the results suggest 
a group sensibilization while others admit 
that cross-sensitization would occur incon- 
stantly and within a limited range. 


B. Effect of BCG vaccination on the lepromin 
reaction 


1. BCG and lepromin reaction in healthy 
individuals 


Many investigations were carried out in 
different parts of the world and the main data 
were assembled in a table in Bechelli’s paper 
(1970) and (1971). The chief aim was to 
determine the proportion of lepromin con- 
version after BCG vaccination. The metho- 
dology of this study was usually as follows: 
in the first phase of the experiment the lepro- 
min test was performed in a group of healthy 
people, contacts or not. After reading the 
late (Mitsuda) reaction (21 to 30 days later), 
the lepromin negative individuals were vacci- 
nated with one or more doses of BCG. 
However, this type of investigation has a bias, 
i.e. the possibility that the preliminary 
lepromin injection could interfere with the 
results in subsequent tests. In view of this, 
the Committee of Immunology of the VII 
International Congress of Leprology (1959) 
considered a preliminary test with lepromin 
not necessary, and suggested a new methodo- 
logy; “with two comparable and sufficiently 
large groups of subjects, BCG may be given 
to one group, with lepromin testing after- 
words, but the controls would be tested with 
lepromin only once, to establish the rate of 
‘“‘natural” lepromin reactivity of the popula- 
tion employed’. Other recommendations 
on this matter were also made by a committee 
in the Symposium on the use of BCG in the 
prevention of leprosy, Rio de Janeiro (1957). 


It should also be emphasized that in the 
majority of investigations control groups 
were not included in the trials. 


It was seen that the lepromin conversion 
occurred in a high proportion of vaccinated 
people, around 80 per cent, and even 100 per 
cent in some reports. On the other hand, 
some authors have observed it in a relatively 
low proportion, between 40 and 50 per cent. 
These results were obtained by oral or intra- 
dermal BCG. The difference in results might 
be attributed to many factors: lepromin test 
(bacillary content and reading criteria), doses 
and validity of BCG, interval between vaccina- 
tion and lepromin testing, age-groups of per- 
sons studied. 


Azulay (1948), Rosemberg, Souza Campos 
& Aun [1951 (a & b) and 1952] did not report 
lepromin conversion in any case in the control 
group. However, Paula Soza, Ferraz & 


347 


Bechelli [1953 (a)] Paula Souza et al. (1953 
and 1956), Bechelli, Quagliato & Nassif 
(1953) observed frequent lepromin conversion 
in the control group after re-testing, between 
44 per cent and 80 per cent. In 21 non- 
vaccinated children who underwent four 
lepromin tests at intervals of about three 
months, Rosemberg et al. (1960), observed 
43 per cent of lepromin conversion, which 
reached 90 per cent in 20 children BCG- 
vaccinated orally with three weekly doses of 
0.10 g and 0.20 g. Lepromin conversion in 
the control group was also reported by 
Chaussinand (1948), Silva, Rabello Neto & 
Castro (1956), Doull, Guinto & Mabalay 
(1957). 


The lepromin conversion attributable to 
BCG would be the total positive reactions 
less the proportion of lepromin positivity 
in the control group. In fact, according to 
Doull, Guinto & Mabalay (1957), besides 
BCG, other causes play a substantial part in 
inducing reactivity to lepromin, i.e. natural 
causes and lepromin. The importance of 
the latter in the investigation on BCG had 
been emphasized by Paula Souza et al. and 
by Ignacio, Palafox & Jose (1955). 


Since the proportion of lepromin positivity 
is very low in 0-4 year old children, and 
then increases with age to reach about 80 per 
cent or more in young adults, it would be 
expected that a large difference would be seen 
between the vaccinated and control in chil- 
dren 0-4 years old, while after that age the 
difference would gradually decrease, and then 
the lepromin conversion would be similar 
in both groups. Therefore, it appeared that 
it was in the 0-4 age-group (and particularly 
the 0-1) that the BCG-induced lepromin 
positivity could be best checked. Conse- 
quently, the investigation carried on in this 
age-group should especially be taken into 
account. Rosemberg, Souza Campos & 
Aun (1950, 1951 and 1952) and Rosemberg 
et al. (1960), in several groups of children 
reported from 90-100 per cent of lepromin 
conversion. Bechelli (1958) in 0-1 year old 
children observed 45 per cent in one group 
studied and 41.7 per cent in another, but the 
difference from the control group was not 
significant, though showing a tendency to 
an influence by BCG vaccination. 


In a group of 550 children, 6 to 35 months 
of age, Doull, Guinto & Mabalay (1957) 
estimated with regard to the proportion of 
all children becoming reactive from each 
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cause, as follows: from natural causes 11.5 per 
cent; from the lepromin test 7.2 per cent; 
from BCG vaccination 33.4 per cent (highly 
significant). ‘‘The conclusion is reached that 
increase in frequency of reactivity to lepromin 
in persons vaccinated with BCG cannot be 
attributed to the vaccination alone. If no 
preliminary test is given, natural causes will 
contribute; if a preliminary lepromin test is 
given, both natural causes and the test”. 
They also stated: “If the differences between 
vaccinated and control groups in the pre- 
sent experiment represent the correct picture, 
the effectiveness of BCG is much less than is 
commonly supposed’. 


Souza Campos et al. (1962) reported that 
among tuberculin-negative children of 6 to 
34 months of age, the frequency and intensity 
of the lepromin reaction was significantly 
greater in those BCG vaccinated than in the 
non-vaccinated. The intensity of the reac- 
tion did not differ significantly when BCG 
was administered intradermally or orally. 
However, with increasing age, children 
receiving oral BCG showed a significant 
decrease in the proportion of lepromin 
reactors. It was also reported that in chil- 
dren not receiving BCG—either in the con- 
trol group or among those inoculated with 
lepromin—the intensity of the reaction in- 
creased significantly with age. 


With regard to the positivity of the early 
(Fernandez) reaction after the BCG vaccina- 
tion, the following results were reported: 
Azulay (1949) 66.7 per cent, Rosemberg, 
Souza Campos & Aun [1950 (b) and 1952 (a)] 
respectively 5.5 per cent and 4.5 per cent, 
Fernandez [1953 (b)] 48.6 per cent, Basom- 
brio et al. (1953) 58.3 per cent, Arguello Pitt 
et al. (1953) 92 per cent, Doull, Guinto & 
Mabalay (1957) 17.9 per cent (with stan- 
dard error of 3.9 per cent), Olmos Castro 
et al. [1959 (b)] 81.2 per cent, Yanagisawa 
(1960) 86.9 per cent. Rosemberg, Souza 
Campos & Aun [1952 (a)] stressed the fact 
that ‘“‘as found in earlier studies the conver- 
sion to positivity of Mitsuda reaction by 
BCG is rarely accompanied by a Fernandez 
type or early reaction (three instances in 
66 Mitsuda reactions)’. In a few groups of 
children studied, Bechelli (1961, 1964) re- 
ported that with BCG and lepromin re-testing 
there was a low proportion of positivity of 
early lepromin reaction or even an absence 
of same. The great difference in results 
could be attributed to the differences in sam- 
ples studied and of lepromin; type, dose and 


validity of BCG; reading criteria of early 
reaction, and interval between vaccination 
and lepromin testing. 


It should be noted that Guinto, Mabalay 
& Doull (1962) arrived at a tentative conclu- 
sion that lepromin reactivity induced by a 
single BCG vaccination is lost to an appreci- 
able extent within a few years. 


In Beiguelman, Quagliato & Camargo’s 
study (1965) a sample of 1251 contacts, not 
reacting macroscopically to lepromin, was 
retested with this antigen. 834 out of the 
1251 contacts were vaccinated orally with BCG 
after the first lepromin test. The remaining 
417 were not vaccinated and were used as 
controls. No difference was found between 
the groups in the proportion of macrosco- 
pically positive Mitsuda reactions revealed 
by the second test. 


Beiguelman, Souza Campos & Pinto Jr. 
(1967) investigated the influence of BCG 
vaccination on the lepromin test in chil- 
dren born to parents, both lepromatous. 
They emphasized the ability of BCG vaccine 
in stimulating a macroscopically positive 
Mitsuda reaction even in those children consi- 
dered to belong to a genetically susceptible 
fraction of the population. However, it 
was observed that the rate of strong Mitsuda 
positive reaction (++ and ++-++) after BCG 
vaccination among the offspring of lepro- 
matous parents is significantly lower than 
that observed among the same age-group 
offspring of healthy parents contacts of 
leprosy cases. 


The above studies provide evidence in 
favour of cross-sensitization. In some of 
these investigations the lepromin conversion 
in the BCG vaccinated people has not been 
significantly higher than that observed in the 
control groups. However, significant diffe- 
rences have been reported in some controlled 
studies and the results obtained in children 
0-4 years old are most suggestive. 


2. BCG and lepromin conversion in leprosy 
patients 


Attempts to obtain lepromin conversion 
in leprosy patients have been chiefly limited 
to the lepromatous cases, because if BCG 
vaccination were able to determine an evident 
and persistent lepromin positivity in these 
cases, “it would also be of benefit for healthy 
people. The proportion of lepromin con- 
version reported varied from 0 to 92 per cent: 
Convit et al. (1951), 40.7 per cent; Azulay, 


Moura & Mourao (1952), 35 per cent; 
Dharmendra, Mazumder & Mukerjee (1953), 
5 per cent; Quagliato & Bechelli (1953), 
4.5 per cent; Lowe & McNulty (1953), 11.5 per 
cent; Urquijo (1954), 44 per cent (intradermal 
BCG) and 46.2 per cent (oral BCG) ; Jon- 
quieres and Masanti (1954) only doubtful and 
temporary reactions; Neyra Ramirez (1954), 
86.6 per cent and Pereira (1956), 92 per cent! 
Costa & Teixeira (1953) and Contreras et al. 
(1958) did not observe lepromin conversion. 


Schujman (1956) reported lepromin posi- 
tivity in 47 per cent of lepromatous cases 
with oral BCG and in 50 per cent with intra- 
dermal BCG. However, this increased capa- 
city of reactivity was only temporary: it 
started to decline after three months and 
disappeared five months after the BCG 
vaccination. 


It should be emphasized that usually only 
weak positive reactions (1+) have been ob- 
tained and they seem to be temporary. 
Investigations undertaken with indeterminate 
cases are rare and without contro! groups. 


3. BCG and lepromin conversion in laboratory 
animals 


This study was undertaken in guinea-pigs, 
dogs, rabbits, rats, hamsters and Macacus 
Rhesus. Lepromin conversion has _ been 
reported by Chaussinand (1948), Olmos Castro 
(1954), Convit, Lapenta & Jorgensen (1955), 
Pereira & Guimaraes Filho (1955) and 
Azulay & Azulay (1958). 


According to Hadler (1957), in the majority 
of the investigations in laboratory animals, 
only the clinical reading of the Mitsuda 
reaction was considered and, for this reason, 
they have no_ experimental basis. His 
studies (1953, 1956, and also with Ziti, 1955), 
based on the histological study of the lepromin 
reaction have shown: 


(a) In animals which normally react in a 
positive way with lepromin (guinea- 
pigs), the previous inoculation of BCG 
modifies the reaction of the tissues to 
Myco. leprae. This is noted by an 
increase of the macroscopic and micro- 
scopic lesions, intensification of 
degenerative changes in cells and quicker 
lysis of bacilli; the constitution of the 
tuberculoid lesion is accelerated. 
These alterations are only quantita- 
tive and they do not mean lepromin 


349 


conversion. The type of histological 
reaction is not altered. The macro- 
scopic reaction is larger after vaccina- 
tion which has been improperly inter- 
preted as an indication of conversion. 


(b) In animals which normally give nega- 
tive reactions to lepromin (rats), BCG 
also produces modification of the 
reactivity of the tissues when the 
suspension of Myco. leprae is injected. 
There is an increase in the macroscopic 
and microscopic lesions. However, the 
histological structure of the lesion does 
not present qualitative changes since, 
even after BCG, it continues to be 
formed by leprous cells with numerous 
bacilli. Consequently there is no 
lepromin conversion caused by BCG. 


Shepard (1968) observed that “in a mouse 
that has been well vaccinated with BCG, 
or with oil-treated BCG cell walls, the immune 
response is triggered by a lower bacterial 
population and the plateau level is 10 to 100 
fold lower’’. 


C. Epidemiological studies and field epidemio- 
logical trials 


**According to the experience of many — 


specialists and as stated by the WHO Expert 
Committee on Leprosy (1966) “Reactivity 
to lepromin increases rapidly with age, from 
negativity at infancy to almost universal 
positivity after adolescence in endemic areas 
and is associated with relative resistance’. 
In the light of this and of the studies con- 
cerning the conversion of lepromin reaction in 
BCG-vaccinated subjects (summarized briefly 
above) we may make the following assump- 
tions. 


(i) It is doubtful whether BCG vaccina- 
tion is useful to the small proportion of the 
population (perhaps about 5%—10%) either 
children or adults, unable to develop a 
positive lepromin reaction and _ therefore 
more prone to acquire leprosy and to 
develop the lepromatous type of leprosy. 
The limited, or doubtful, value of BCG 
vaccination in the prevention of leprosy was 
initially suggested by Bechelli, Paula Souza 
and their associates from studies in which it 
appeared that BCG had not increased signi- 
ficantly the proportion of lepromin reactors 
in certain groups of subjects, that in spite of 
vaccination there was always a certain pro- 


portion of non-lepromin reactors and that 
cross-sensitivity with tuberculosis infection 
would occur irregularly and within a limited 
range (Paula Souza, Ferraz & Bechelli, 1953; 
Paula Souza et al., 1953, 1956; Paula Souza & 
Bechelli, 1958; Bechelli et al., 1953. 1956; 
Bechelli, Quagliato & Nassif, 1953; Becelli & 
Quagliato, 1953, 1956; Bechelli 1957a, 1957b, 
1958, 1962, 1966). Rotberg, (1953, 1957) 
drew attention to the doubtful value of BCG 
vaccination in anti-leprosy immunization 
on the basis of natural resistance to leprosy. 

From the epidemiological point of view, 
this small population group (5%—10%) 
is the most important and the attention of 
leprologists is concentrated on it in order to 
prevent the appearance of the infectious forms 
of leprosy and to avoid the spread and main- 
tenance of an endemic. 


(ii) BCG vaccine might be useful to per- 
sons who, because of their age, have not yet 
been stimulated to develop a degree of resis- 
tance to Myco. leprae. as indicated by the 
lepromin test. Therefore, it could be of 
advantage mainly to children in the 0-4 years 
age-group and apparently would not be 
useful to the adult population, the great 
majority of whom are already lepromin re- 
actors. In persons over 5 years of age, the 
value of the vaccination is likely to decrease 
as the age increases. 


(iii) In those who have this potentiality, 
the development of resistance to leprosy 
following BCG vaccination might influence 
the incidence rate, and perhaps the form, of 
leprosy, its degree of severity and its pro- 
gression.” 


The effect of BCG in the prevention of 
leprosy was or is being studied mainly in 
three controlled fields trials. Two of them 
are concerned only with child populations: 
child contacts in Uganda; child population, 
mainly that not exposed at home, in Burma. 
The study in New Guinea covers the entire 
population of an area of about 5,000 in- 
habitants. 


The field epidemiological investigation 
should determine the immunizing power of 
the vaccine and the magnitude of protection. 
To measure the potential effect on the leprosy 
problem several parameters should be taken 
into account: incidence of leprosy in vacci- 
nated children, classification of cases, degree 
of severity and evolution of the disease, 


* From Bcchelli et al., (1970). Reproduced with the authorization of the Bulletin of the World Health 


Organization. 
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proportion and degree of severity of disabi- 
lities, bacteriological status, lepromin reac- 
tivity, effect in contacts and non-contacts, 
prevention of lepromatous and _ borderline 
leprosy and, if possible, cost-benefit analysis 
of the vaccination in various epidemiological 
situations. Thus the epidemiological, clini- 
cal, bacteriological and economic impact 
should be studied against the background of 
the epidemiological, socio-economic and 
cultural situation in the area. 


Since leprosy cases detected in the trial 
have to be treated, the natural course of the 
disease in vaccinated and _ unvaccinated 
children cannot be studied. 


Such long-term epidemiological field studies 
are difficult to carry out and require an excel- 
lent team (team leader, statistician and labora- 
tory technician) with a national counterpart 
(if the project is international), paramedical 
workers, clerks and drivers. 


1. The trial in Uganda 


“The trial began in September 1960, and 
the fourth and last round of follow up 
examinations was completed in September 
1970. The participants were all child contact 
or relatives of known ‘index case’ of leprosy. 
All the children were examined on entry and 
given a Heaf tuberculin test. Those with 
leprosy on admission, or with strong positive 
reactions (Heaf Grade III or IV), were 
observed without vaccination; the others 
were allocated alternately to an unvaccinated 
group (8,065 children) and a BCG vaccinated 
group (8,085 children). 


By the end of the fourth follow-up examina- 
tion, 201 cases of leprosy (all non-lepro- 
matous) had been diagnosed in the unvacci- 
nated children, and 41 cases (including 1 
lepromatous leprosy) in the BCG-vaccinated 
children. This represents a reduction in 
incidence of 80°, attributable (because of 
the random allocation and the ‘blind’ assess- 
ments) to the BCG vaccination. 


The efficacy of BCG in this trial does not 
appear to be associated with the initial 
tuberculin reaction (i.e. negative, Grade I, 
or Grade II), the sex or age of the child, or 
the type of leprosy (lepromatous or non- 
lepromatous) in the index case. However, 
there appears to be a slight falling-off in 
efficacy in the third and fourth follow-up 
periods”. (Stone & Browne, 1973). 


2. The trial in Karimui 


“This trial of BCG at Karimui began in 
1962, and is continuing. The Karimui popu- 
lation is leprosy-endemic, tuberculosis free and 
situated in an isolated portion of the Eastern 
Highlands in the Territory of Papua-New 
Guinea. The total population (all ages) 
was randomly allocated to two groups—BCG 
vaccinated and saline receptors, and until 
1967, remained untreated. The incidence 
of the disease was measured by serial surveys 
of the total population in 1964 and at annual 
intervals. Cases have been confirmed by 
biopsy; 87 cases occured in the vaccinated 
group and 148 cases in the unvaccinated. 


Under the age of 5 years, vaccination does 
not confer protection, but between the ages 
of 5 and 24 years vaccination confers a signi- 
ficant degree of protection; after 25 years 
of age, no appreciable difference was noted in 
the incidence of the disease in the two groups. 
The results appear similar for males and 
females. 


However, the protection conferred exhibits 
marked type specificity, as judged by histo- 
pathological criteria, with a highly significant 
degree of protection occurring in the BT 
group (Ridley’s classification). 


The pattern of age and type specific protec- 
tion has remained constant throughout the 
trial. Tests of a sample of the population 
with standardized human and avian tuber- 
culins indicate that (with the possible excep- 
tion of males over the age of 25 years) infec- 
tions with anonymous mycobacteria have not 
influenced the results, and it can be demons- 
trated that the vaccinated and unvaccinated 
groups are similar with respect to exposure 
to infection’. (Russell, 1973). 


3. The trial in Burma 


In the controlled WHO trial in Burma 
the nine-year findings may be summarized 
as follows: ‘“‘The leprosy incidence rates 
so far in the vaccinated and unvaccinated 
children aged 5-9 and 10-14 years [at intake] 
are similar. The BCG-vaccinated children 
aged 0-4 years at intake had an incidence rate 
[significantly] lower than that of children in 
the control group [protection rate of 38%]. 
BCG vaccination did not protect household 
contacts or children aged 5-14 years not ex- 
posed in the household, and did not influence 
the distribution of the forms of leprosy in 
the cases detected. The lepromin reaction in 


351 


relation to the age at intake was consistently 
stronger in the vaccinated children than in 
those of the control group; the younger the 
age group the more pronounced was the diffe- 
rence, which was only slight in the age group 
10-14 years at intake. If the results of the 
late lepromin reaction are related to the age 
at onset (when the children are older than 
at intake), the differences between the BCG 
and the control groups tend to decrease. 
It does not seem that the BCG-vaccinated 
children suffer from a less serious form of 
leprosy than the nonvaccinated children 
(most of them nonreactors to tuberculin)’. 
(Bechelli et al 1974). 


—Taking into account the available reports, 
the Committee of Leprosy Control of the 
Tenth International Congress of Leprology 
(Bergen, 1973) decided the following: 


“In view of the findings so far available from 
these trials, the committee considers it pre- 
mature at this stage to recommend BCG 
vaccination or chemoprophylaxis as a regular 
part of the leprosy control measures. Further 
research is still needed in these important 
subjects” (1973). ; 


The WHO Expert Committee on Leprosy 
(1977) stated that in the Burma trial “‘there 
has been no significant decline in the inci- 
dence of leprosy in the control group, the 
vaccinated group showed a protection rate 
of about 15%. Moreover it is noteworthy 
that 10 histologically confirmed multibacillary 
cases were diagnosed during 1974-75 in the 
Burma trial. Three were found in the vacci- 
nated group (1 L, 1 BL, 1 BB) and 7 in the 
control group (2 BL, 1 BB, 3 L, 1 B). The 
fact that infectious forms have now appeared 
in the vaccinated group indicates the limited 
value of this measure. However, it is not 
clear whether any protection should be 
expected more than 5 years after vaccination. 


It is considered that the position taken by 
the WHO Expert Committee in 1970 and res- 
tated at the International Leprosy Congress, 
Bergen, Norway, in 1973—that it is not yet 
possible to recommend BCG as a specific 
prophylactic measure for the prevention of 
leprosy—must be upheld. However, taking 
into account the protective values of BCG 
vaccination found in the Karimui trial in 
Papua New Guinea, the Mandalay area in 
Burma, and the Uganda trial, the Committee 
recommended that programme managers 
should ask the vaccination services to apply 
BCG vaccination to areas known to have 
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high prevalence rates of tuberculoid leprosy. 
This would take advantage of the protective 
effect that BCG may have against tuber- 
culoid forms of leprosy owing to its possible 
enhancement of resistance, whether speci- 
fically or nonspecifically. Vaccination can- 
not be regarded as an alternative to active 
case-finding. Those responsible for the 
planning and evaluation of control measures 
and who use BCG vaccination are requested 
to follow up detection rates carefully for 
periods of at least 10 years and to publish the 
results.” 


In our opinion, taking into account the 
incidence of tuberculoid leprosy in the 
BCG and control groups, their lepromin 
reactivity and evolution in the WHO trial 
(Bechelli et al., 1970, 1973 and 1974) it seems 
unlikely that BCG could affect substantially 
the pattern or trend of the disease, and the 
prevalence or the pattern of tuberculoid 
leprosy in the Burma trial area or in other 
areas with similar characteristics. The protec- 
tive role of BCG has to be substantial to war- 
rant its large-scale use for immunization 
against leprosy or against the tuberculoid 


_ forms of the disease. 


SUMMARY 


The findings so far obtained in the three 
trials to determine the preventive role of BCG 
vaccine against leprosy are strikingly diffe- 
rent. It is hoped that further data from these 
trials, including those derived from the study 
of several parameters, may allow a definite 
conclusion on the protective role of BCG, 
its possible impact on the trend of the 
disease and its public health importance. 


WHO Expert Committee on Leprosy (1977) 
consider that “‘the position taken by the WHO 
Expert Committee in 1970 and restated at 
the International Leprosy Congress, Bergen, 
Norway, in 1973—that it is not yet possible 
to recommend BCG as a specific prophylatic 
measure for the prevention of leprosy—must 
be upheld’’. 


Progress in the microbiological studies on 
Myco. leprae should lead to the preparation 
of a specific vaccine. This would have a 
greater epidemiological impact if able to 
protect the small fraction of the population 
poorly prepared (genetically?) to deal with 
Myco. leprae, thus reducing the incidence 
of lepromatous and borderline leprosy. Per- 
haps even a specific vaccine may not be able 
to give this protection and/or prevent leprosy 


in already infected individuals. An optimistic 
forecast of the vaccine potentiality should 
be avoided because of this and also of the 
relative resistance of most of the inhabitants 
in endemic areas, and of certain epidemio- 
logical aspects in regions of high and low 


endemicity. The magnitude of the immuniz- 
ing power of the vaccine, its potential effect 
on the leprosy problem and its public health 
importance should be determined in long- 
term controlled trials in different epidemio- 


logical situations. 
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CHEMOPROPHYLAXIS AGAINST LEPROSY 


S. K. NOORDEEN 


The need for a specific preventive against 
leprosy cannot be over-emphasised. The 
currently available method of control of mass 
treatment is essentially secondary prevention 
with its serious limitations. The ultimate 
solution to control] and eradication of leprosy 
will in all probability be through a method 
of primary prevention. Chemoprophylaxis 
against leprosy can be one such method 
provided the drug used is highly effective, 
non-toxic, and easily applicable. Even if 
there are limitations to its effectiveness and 
easy applicability, chemoprophylaxis can still 
play its role in individual situations of high 
risk. Experience with regard to mass chemo- 
prophylaxis in other diseases, however, is not 
very encouraging. With the exception of 
yaws, it has not been possible for mass 
chemoprophylaxis to make any serious impact 
in the control of communicable diseases. 
All the same it should be recognized that 
chemoprophylaxis has been successfully em- 
ployed in individual situations in the control 
of diseases like malaria and tuberculosis. 


The possibility of chemoprophylaxis against 
leprosy was thought of by several workers 
as a result of Dapsone being accepted as an 
effective chemotherapeutic drug. Since 
then number of trials on the value of Dapsone, 
and much later Acedapsone, as a chemopro- 
phylactic have been undertaken. The studies 
have been carried out in Bombay, Chengal- 
pattu, and Bobbili in India, and in South 
Korea, Philippines, Uganda, South Vietnam 
and Micronesia. 


Figueredo® in Bombay was the first in 
India to try out Dapsone as a prophylactic. 
Based on a small sample of contacts he re- 
ported that Dapsone prophylaxis showed 
significant reduction in risk of infection. The 
study in S. Korea® was based on Dapsone 
prophylaxis of 325 children living in preven- 
toria, with 435 similar children serving as 
control. Based on a follow-up of 2 to 7 
years the incidence in the prophylaxis group 
was found to be only 0.6% as against 7.1% 


found among the controls. In another trial 
in the same country the incidence in a pro- 
phylactically treated group of contacts was 
found to be 1.7% as against 0.13% among 
controls. The studies indicate that Dapsone 
prophylaxis in Korea gave a very high protec- 
tion of about 92%. The study in Philip- 
pines was carried out among 500 child 
contacts in a sanatorium divided into two 
equal groups, with one group on Dapsone 
and the other being kept as control. The 
protection for prophylaxis as estimated at 
the end of three years was about 44%. The 
study at Uganda“ was carried ovt among 
school children in two adjacent areas. In 
one area school children were given Dapsone 
twice a week, while nothing was given to 
school children in the other area: The 
incidence among school children in the con- 
trol area at the end of 3 years was 9.5 per 
1000 whereas it was 1.2 per 1000 in the area 
where prophylaxis was given. The protec- 
tion in this study works out to about 87%. 
The study in S. Vietnam®) compared occur- 
rence of leprosy among children of leprous 
patients kept in a hospital and receiving 
Dapsone prophylaxis with children of refugee 
patients coming to hospitals. It was found 
that whereas only | out of 91 children receiy- 
ing prophylaxis developed leprosy, 47% of 
children among refugees were suffering from 
the disease. 


The trial in Micronesia® used acedapsone, 
a long acting sulphone, as a chemoprophy- 
lactic. The entire population consisting of 
about 1400 living in three villages were given 
Acedapsone. The dose was 225 mgm. I.M. 
every 75 days for persons over 5 years of age, 
and 150 mgm. every 75 days for persons 
between 6 months and 5 years. The prophy- 
laxis was combined with chemotherapy with 
Acedapsone for all leprosy patients. The 
prophylactic treatment was continued for 
about 3 years, and during this period except 
for 13% others took the treatment at least 
for sometime. A- comparison made of 
occurrence of leprosy in the 3 villages during 


a 


the period prior to mass prophylaxis with the 
occurrence of leprosy during the actual period 
of prophylaxis, showed that as against 5.5 
new cases normally expected during every 
half year no new case was detected during 
the period of prophylaxis except during the 
first 6 months of mass prophylaxis. Follow- 
up of the population after cessation of mass 
prophylaxis has indicated occurrence of a 
small number of new cases. 


Chemoprophylaxis study at Bobbili 


The study at Bobbili (Andhra Pradesh)’ 
was carried out by Gandhi Memorial 
Leprosy Foundation in a population of about 
40,000 with a prevalence rate for leprosy of 
over 3%, and living in 54 villages. The 
54 villages were divided into 2 equal groups, 
prophylaxis and control. In-the prophylaxis 
group of villages Dapsone was given twice 
a week to all healthy person upto 25 years of 
age; in the control group of villages all healthy 
persons below 25 years received a placebo. 
However the study could not be carried out 
by double-blind method, and allocation of 
villages to prophylaxis or placebo was not 
unknown. The coverage for administration 
of tablets was about 65%. The administra- 
tion of the Dapsone in the 27 villages and 
placebo in the other 27 villages was continued 
for a period of 44 years, and thereafter 


Dapsone prophylaxis was continued upto the 


8th year only in half of the 27 villages which 
were under prophylaxis earlier. The follow- 
up was carried out through annual surveys. 


The total number of new cases in the study 
in all the 54 villages during the first four years 
was 247. Of the 247, 55 (2 ‘L’ and 53 ‘N’) 
came from the prophylaxis group and 192 
(9 ‘L’ and 183 ‘N’) came from the control 
group. The reduction in incidence of leprosy 
during the first four years in the prophylaxis 


group was of about 91%. The reduction in 
the incidence in the control group during 
the same period was about 42%. Therefore 
it was concluded that the net reduction in 
mcidence attributable to chemoprophylaxis 
was of the order of about 49%. 


Table-I shows the occurrence of leprosy 
in the two groups of villages. 


TABLE I 
Prophy- Control Reduc- 
laxis villages tion in 
villages incidence 
(%) 
Incidence 
per 1000: 
Ist year 2 4.79 47% 
2nd year 1.17 5.36 78% 
3rd year 0.74 3.01 TS 
4th year 0.24 2.78 wf fa 


Reduction in 
incidence in 
4 years ot, 42% 


The study was continued in a modified 
form’ from the fifth to the eighth year when 
half of the villages which received prophy- 
laxis earlier the drug was discontinned and in 
the other half it was continued. The difference 
in the incidence rates between prophylaxis 
and control villages was continued to be 
observed but to a lesser extent. During 
the eighth year (1971-72) the incidence in the 
villages which received prophylaxis throughout 
the eight years was 0.43 per 1000, in the villages 
which received prophylaxis during the first 
four years and later discontinued it was 1.46 
per 1000, and in the control villages which 
received placebo throughout the eight years 
the incidence was 1.31 per 1000. Table-II 
shows the incidence in the three groups from 
the fifth year onwards. 


TABLE Il 
Villages Villages Villages Reduction 
where where under control in incidence 
prophylaxis | prophylaxis with placebo under 
was continued was given for for the first prophylaxis 
without 4 years and 4 years and y 2 
interruption discontinued nothing 
thereafter thereafter 
Incidence in the Sth year 0.46 0.62 1.87 713% 
” 6th _,, 0.60 1.04 1.28 597 
>» Gh 33 0.30 0.15 0.98 69% 
>» Sth _,, 0.43 1.46 1.31 67% 
Reduction in incidence in 8 years 91% 13% 
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From the table it appears that cessation of 
prophylaxis in certain villages has leod to 
increase in incidence after such cessation. 
Moreover the protection attributable to 
chemoprophylaxis itself which was about 
49% at the end of 4 years had come down to 
18% at the end of 8 years. Instead of working 
out rate of protection through comparative 
reduction in incidence over a period, if the 
comparisons are made on concurrent inci- 
dence rates in the two groups for the 8 diffe- 
rent surveys the protection appears to be 
high and fairly consistent with an average 
protection of about 69% and with a range of 
47% to 91% for the different years. 


The study was continued from 9th year 
without giving any prophylaxis to any group, 
but continuing with the annual surveys 
of all the 54 villages. Upto the 11th year 
the incidence rate in the group of villages 
which was originally under prophylaxis has 
tended to show an upward trend; however 
incidence rate in this group was still less than 
what was observed in the original control 
group of villages. 


There are certain interesting observations 
in the study which are difficult to explain, 
the first of which is the reduction in leprosy 
in the control group itself which is attributed 
to the usual mass treatment of patients. 
Incidence of leprosy came down in the con- 
trol group by 42% in 4 years and by 73% 
in eight years. Even in the population over 
25 years who were not participating in the 
prophylaxis leprosy incidence came down by 
62°% in 4 years and by 75% in 8 years. Such 
marked reductions in incidence in short 
periods is rather unusual. 


The Bobbili study indicates that even 
under a moderate coverage of 65%, pro- 
phylaxis with Dapsone could be effective 
for populations below 25 years of age. 


Studies on chemoprophylaxis at Chengalpattu 


The first study was carried out between 1961 
and 1967 in a part of Chengalpattu District 
of Tamilnadu having a population of over 
200,000. The objective of the study was to 
find out the value of chemoprophylaxis with 
Dapsone among household child contacts 
of lepromatous and other bacterio-positive 
cases of leprosy. 


The study was well controlled with half 
the contacts receiving Dapsone tablets and the 
other comparable half receiving identically 


looking placebo tablets. The number of 
contacts studied was about 700. The study 
was completely double-blind. The tablets 
were administered twice a week in person by 
specially trained field workers under intensive 
supervision. The children received the tablets 
as long as the source of infection was active 
and for a further period of three years. The 
dose of Dapsone administered was 75 mgms. 
twice a week for children in the age group 
11 to 15 years, 50 mgms. twice a week for those 
in the age group 6 to 10 years, 25 mgms. 
twice a week for those in the age group 3 
to 5 years, and 10 mgms. twice a week for 
children below 3 years. New cases among 
the contacts receiving either Dapsone or 
placebo were detected by periodic examina- 
tions by physicians once in three months. 
The study lasted 54 years. 


The study produced in all 71 cases of 
leprosy, 48 cases in the Control group receiv- 
ing placebo tablets, and 23 cases in the Pro- 
phylaxis group receiving Dapsone tablets. 
Allowing for the different periods of follow-up 
for different contacts and calculating inci- 
dence per unit of 100,000 person-weeks of 
treatment, it was found that the incidence of 
leprosy among the contacts in the Control 
group was 74.3 per 100,000 person-weeks 
and that in the Dapsone group the incidence 
was 35.3 per 100,000 person-weeks. The 
difference was statistically highly significant. 
The incidence showed that the protection given 
by chemoprophylaxis against leprosy was 
about 52.5%. The degree of protection 
was quite considerable. The study showed 
that the efficacy of chemoprophylaxis was 
not uniform and that certain sub-groups 
among the contacts received greater protec- 
tion than others. However, one factor that 
was common to all the sub-groups which 
received high degrees of protection from 
chemoprophylaxis was their comparatively 
high risks of acquiring leprosy. No toxic 
side effects were noticed among the children 
receiving the tablets during the 54 years of 
study. 


Regarding the duration of prophylactic 
treatment in the study, a further 84 year 
follow-up of certain contacts showed some 
interesting results!®. The 84 year follow-up 
was carried out among contacts of leprom- 
atous cases who had treatment with either 
Dapsone or placebo earlier, and whose 
‘treatment’ had been terminated following 
their index cases having been declared in- 
active. The declaration of inactive state was 
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based on bacteriological negative state main- 
tained for at least three years as verified 
through six half yearly skin smear examina- 
tions. The follow-up showed that contacts 
who originally were taking Dapsone continued 
to receive protection even after stoppage of 
treatment whereas contacts who did not have 
Dapsone originally continued to run _ higher 
risks of getting leprosy as compared with 
their counterpart. The incidence in_ the 
original prophylaxis group was 13.9 per 
100,000 person-weeks, whereas in the control 
group it was 31.6 per 100,000 person-weeks, 
showing a protection of 56.1%. It is difficult 
to explain this ‘carry over’ benefit from 
chemoprophylaxis, unless it is hypothesised 
that contacts studied consisted mostly of 
infected persons without manifest disease and 
chemoprophylaxis eliminated all the organisms 
from the system of those persons. 


To clarify some points arising out of the 
first study, such as effectiveness of altered 
more practicable dose schedules, effectiveness 
among contacts of Non-lepromatous types of 
leprosy, and effectiveness under conditions 
where duration of treatment could be less 
than 3 years, further extended studies were 
carried out in a new areal!. 


The studies were carried out in a different 
part of Chengalpattu District with a popula- 
tion of over 210,000. The duration of the 
extended studies was six years. In this 
population 955 contacts of lepromatous cases, 
and 2000 contacts of non-lepromatous cases, 
all free from any evidence of leprosy were 
identified for inclusion. 


The 955 lepromatous contacts were divided 
into three equal groups of 318, 318, and 319 
after stratifying by age and sex. The actual 
division was based on random allocation 
within each age-sex group. The three groups 
were designated as Group A, Group B, and 
Group C. Group A consisted of those who 
received Dapsone once a week at the rate 
of 75 mgm., 50 mgm., 25 mgm., and 10 mgm., 
respectively for age groups 11 plus, 6 to 10, 
3 to 5, and 1 to 2. Group B consisted of 
those who received Dapsone once a week at 
the rate of 50 mgm., 25 mgm., 10 mgm., and 
5 mgm. respectively for the same age groups. 
Group C, the Control group, consisted of 
those who received placebo tablets of Di- 
calcium Phosphate once a week. Thus, 
the study was expected to evaluate the effec- 
tiveness of Dapsone as a prophylactic in once 
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a week dose schedule and in two different 
doses. 


The 2000 non-lepromatous contacts were 
divided, by using random allocation, into 
two equal groups of 1000 each after strati- 
fication by age ands ex. One group consis-. 
ted of those who received Dapsone twice a 
week at the rate of 75 mgm., 50 mgm., 
25 mgm., and 10 mgm. respectively for age 
groups 11 plus, 6 to 10, 3 to 5, and 1 to 2. 
The second group, which was the control 
group, consisted of those who received placebo 
tablets. The studies were conducted using 
double blind procedures. 


The administration of the tablets was quite 
intensive and contacts received about 90% 
of the expected treatment. Administration 
of tablets was continued for the contacts 
for the period the index cases were active 
and for 1 to 2 years thereafter. 


The follow-up examinations of contacts, 
to detect new cases of leprosy, were carried 
out by a field medical officer once in three 
months for lepromatous contacts and once 
in six months for non-lepromatous contacts. 


By the end of 6 years, the total number 
of new leprosy cases that occurred in the - 
study on contacts of lepromatous cases was 
91, of which 38 were from the control group, 
26 from the prophylaxis group A,-and 27 
from prophylaxis group B. 


The 38 cases in the control group had 
occurred among contacts whose total parti- 
cipation in the study was 35,435 person- 
weeks; the 26 cases in the prophylaxis group A 
had occurred among contacts whose total 
participation in the study was 40,193 person- 
weeks; the 27 cases in the prophylaxis group B 
occurred among contacts whose total parti- 
cipation was 40,177 person-weeks. The 
incidence rate in the control group was 
107.2 ._per 100,000 person-weeks, whereas 
the incidence in prophylaxis group A was 
64.9 per 100,000 person-weeks, and in pro- 
phylaxis group B it was 67.2 per 100,000 
person-weeks. The difference in the inci- 
dence of leprosy between the control and 
prophylaxis group A in this study was statis- 
tically significant (t = 1.98; p < 0.05); the 
difference between control and prophylaxis 
group B was not statistically significant 
(t = 1.85). Prophylaxis with Dapsone in the 
study had given a protection varying from 
39.7% in prophylaxis group A to 37.3% in 


prophylaxis group B. There was no case of 
lepromatous leprosy among either the 26 cases 
in Prophylaxis group A, or the 27 cases in 
the Prophylaxis group B, or the 38 cases in 
the Control group. 


The total number of new leprosy cases 
that occurred in the study on contacts of 
Non-lepromatous cases was 181, of which 
109 were from the control group, and 72 
from the prophylaxis group. The 109 cases 
in the control group had occurred among 
contacts whose total participation in the 
study was 136,631 person-weeks; the 79 
cases in the prophylaxis group had occurred 
among contacts whose total participation in 
the study was 138,062 person-weeks. The 
incidence rate in the control group was 79.8 
per 100,000 person-weeks, whereas the inci- 
dence in prophylaxis group was 52.2 per 
100,000 person-weeks. The difference in the 
incidence of leprosy between the control and 
prophylaxis groups in the study was statisti- 
cally highly significant (t = 2.82; p < 0.01), 
and showed that among contacts of Non- 
lepromatous leprosy prophylaxis with 
Dapsone gave a protection of 34.6%. There 
was no case of lepromatous leprosy among 
either the 72 cases in the prophylaxis group, 
or the 109 cases in the control group. 


Based on further analyses of data the follow- 
ing additional conclusions could be drawn 
from the extended studies. 


(i) Protection given by prophylaxis in 
either study was more or less limited to chil- 
dren upto 12 years of age. The older chil- 
dren received little protection. 


(ii) Among contacts of lepromatous cases, 
the protection through chemoprophylaxis 
with Dapsone appeared to be significantly 
influenced by certain geographic factors. 
Protection through prophylaxis appeared to 
be very high in areas where contacts were 
running very high risks, possibly due to fac- 
tors such as high density of population and 
high leprosy prevalence in those areas. 


(iii) Follow-up of contacts after termina- 
tion of treatment had indicated that there may 
be a ‘carry over’ protective effect for con- 
tacts who were under prophylaxis earlier. 


From all the studies on chemoprophylaxis, 
it can be concluded that chemoprophylaxis 
with sulphones is moderately effective when 


administered intensively. The dose of Dap- 
sone can be as low as 1 to 2 mgm. per Kg. 
body weight per week, and could be adminis- 
tered as once a week dose. So far it is not 
possible to state whether chemoprophylaxis 
could prevent occurrence of lepromatous 
leprosy, as very few lepromatous cases have 
been observed even in the control groups of 
the studies. In order to find an answer to 
this it may be necessary to have larger number 
of subjects under study and for longer periods. 
There also appears to be a ‘carry over’ benefit 
for chemoprophylaxis as observed in some 
studies. So far in none of the studies have 
any serious side effects due to sulphones 
been met with. 


Although we have an answer with regard 
to effectiveness of chemoprophylaxis in various 
groups, it cannot be said of the same with 
regard to the feasibility of mass chemopro- 
phylaxis as a method of control. No 
operational studies have been undertaken so 
far to answer this question. But from all 
available evidence and indications it can be 
reasonably stated that mass chemoprophy- 
laxis of even a high risk group such as house- 
hold contacts is not going to be easy. Fur- 
ther the impact on the incidence of leprosy 
in the community by protecting to some extent 
only the household contacts will only be 
marginal. Contacts of all types, although 
admittedly running much higher risk of getting 
leprosy, contribute to less than one fourth 
of all new cases. The bulk of the new cases 
in endemic areas occur among persons who 
do not have any case of leprosy in their house-— 
holds. Although they run a comparatively 
very low risk their numbers are so large as to 
contribute to the bulk of the incidence. 
The other problem with Dapsone prophy- 
laxis is the need to administer the drug over 
a long period. In the light of the difficulties 
encountered: in keeping leprosy patients un- 
der regular treatment over long periods, the 
difficulties in treating healthy subjects over 
long periods cannot be overemphasised. The 
feasibility of chemoprophylaxis against leprosy 
may improve if the initial hopes of Acedap- 
sone as a chemoprophylactic are confirmed 
(The Central Leprosy Institute is already 
undertaking a study on Acedapsone prophy- 
laxis). Notwithstanding the difficulties that 
are likely to be encountered if Dapsone is 
used in mass chemoprophylaxis, the drug can 
still be recommended for chemoprophylaxis 
in individual situations, where the risk of 
getting leprosy is unduly high and where there 
is sufficient motivation for prophylaxis. 
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LEPROSY CONTROL IN URBAN AREAS-OUTLINE 
OF AN APPROACH 


D. S. CHAUDHURY 


Leprosy in urban areas of developing 
countries is a growing public health problem. 
This calls for serious attention and concerted 
actions. In India with 3 million leprosy 
patients, 30% of the problem is located in 
urban areas which accomodate 20% of the 
total population of the Country. 


For socio-economic reasons, urban leprosy 
control is a more complicated task compared 
to the programme in rural areas. The 
general outline of an approach to the subject 
is given in this paper but the details of methods 
will vary in relation to the size, composition 
and growth pattern of different urban areas. 


Rapid and phenomenal growth of urban 
areas has led to exodus of rural population 
into the cities with resultant population 
explosion. Effective urban leprosy control 
work should be related to good coverage of 
the surrounding rural areas. 


Untramelled urbanization creates many 
social and health problems. Slums and 
shanty towns proliferate which are grossly 
ill-planned. Living conditions in such 
slums are often worse than that of the most 
depressed rural areas. This urban squalor 
is more acute in some of the Metropolitan 
Cities where growth of industries have caused 
influx of population from a wider catchment 
area. There is greater mobility of the popula- 
tion in this situation. All these can create 
conditions favourable to the spread of leprosy 
if the number of infectious cases living in the 
area is sufficiently high. 


Control of leprosy in such situations should 
be closely linked with other measures related 
to urban planning and promotion of health. 
This vital link has to be recognised. Over- 


crowding in poor houses, environmental 
distress, lack of health awareness and ab- 
sence of basic health care facilities are im- 
portant factors contributing to the endemi- 
city of leprosy. Specific medical measures 
of case finding, treatment and health educa- 
tion should be further reinforced with mea- 
sures of slum clearance, better housing and 
water supply, nutrition aids and guidances, 
basic health care and family welfare schemes. 
Creation of urban health centres and health 
posts in slum areas where disease control 
activities can be judiciously integrated with 
follow up, close surveillance and health 
work will meet the large community needs 
and will foster more productive community 
participation. 


The prejudice against leprosy is still en- 
ormous. There is exaggerated fear of aver- 
sion to this problem even in informed minds. 
A limited drug based approach can not solve 
such a vast social problem with deep psycho- 
logical inhibitions unless it is coupled with 
other parallel and promotive health and 
educational ventures. Only then, control 
of begging, rehabilitation of the handi- 
cappeds and reintegration of cured leprosy 
patients will be possible. The problem calls 
for restructuring of health service infrastruc- 
ture and community-oriented training of 
health workers who should be mentally pre- 
pared to align themselves with teachers, 
social workers and community leaders to 
achieve control of disease through an integra- 
tion of medical, social and educational efforts. 
Closest cooperation should exist between 
health workers and Municipal Organizations. 


In Metropolitan cities, Co-ordinating Com- 
mittees with representations from the Govern- 
ment, Municipal Organization, Social Wel- 
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fare Board, Voluntary Organizations in 
leprosy, Various Service Clubs and Welfare 
Organizations should be formed to develop 
a master plan for the Metropolitan area, 
identify areas of cooperation, define priorities 
and programmes and coordinate technical 
supports. 


The clear definition of the objectives of 
leprosy control must be underlined in all plan- 
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ning so that inadequate attempt or mere 
sentimental approach do not vitiate ultimate 
public health priorities. 


Tracing of leprosy cases in examination 
of contacts, school children and slum dwellers, 
treating all leprosy patients in convenient 
places in the community and teaching the 
patients and the Public about health care 
remian as the essentials in leprosy control. 


URBAN LEPROSY PROBLEM AND IT’S CONTROL-PROFILE 
OF A PROJECT 


WILLIAM GERSHON 


The advent of 20th Century brought in its 
wake revolutions in urbanization and indus- 
trialisation all over the world. Along side 
the various advantages that accrued to the 
mankind, it also helped in the proliferation 
of slums. 


At the beginning of 19th Century, only 2% 
of the World’s population lived in the cities. 
By the year 2000, the world population is 
estimated to be 6500 million of which, about 
50% will live in urban areas. 


The process of urbanization is taking place 
at a much greater pace in the developing 
countries, where communicable diseases pose 
a big problem. In the past 50 years, urban 
population in South Asia has increased by 
nearly 14%, as compared to the global 
average of 80%. In absolute terms the 
number of people living in ruban areas in 
India has increased to over 110 million in the 
last 50 years. The increase in the population 
of cities is mostly attributable to the city- 
ward influx of the rural population, as cities 
attract the rural poor because of various 
job opportunities. However, rapid popula- 
tion growth in urban areas continues to out- 
pace the capacity to provide even the very 
basic and minimum services to all. A rural 
to urban migration exacerbates the situation, 
creating an overwhelming demand for the 
urban services worst reflected in the numerous 
slums. 


The slum as defined by Oxford Dictionery 
is “‘A street, alley, court etc. situated in a 
crowded district, town or city and inhabitated 
by people of low income classes, or by very 
poor—many such streets or courts, forming 
a thickly populated neighbourhood of squalid 
and wretched character.’ Further the 
Government of India Slum Areas (Improve- 


ment) Act, 1954, defines slum as any pre- 
dominently “residential area, where the dwel- 
lings by reason of dilapidation, over crow- 
ding, faulty arrangement, lack of ventilation, 
light or sanitary facilities or any combina- 
tion of these factors, detrimental to safety, 
health or morals’’. 


Mostly and generally the people in the 
slums have to lead a life which is worse than 
rural life, because of their low-income, under- 
nutrition, inadequate housing and poor 
environment. This has given rise to 
numerous health problems. Like all commu- 
nicable diseases leprosy also thrive in Slums. 


It is an experience and a fact that the poor 
in the cities are the same people as the poor 
in the villages with the same socio-economic 
background. In short a slum is an over- 
grown village with similar patterns of social 
interaction and group response. 


Mr. Jai Sen in the “Unintended City” 
says, “the argument that is being followed is 
that the development is impossible by defini- 
tion if dependence is allowed to exist or worse 
still encouraged; and that aid can too easily 
be an encourager. Development can only 
occur through the growth of self reliance. 
And at present it secures that all the forces are 
working against the poor in cities from achiey- 
ing this position of self respect’. 


SLUMS OF MADRAS 


Madras too is a city which has a colossal 
problem of slums. As per 1971 census, it 
has more than 1200 slums inhabited by 
8,00,000 persons, i.e. every third person of 
2.5 millions in Madras lives in slums. The 
number of slums that was 181 in the year 
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1932 rose to 548 in 1961 and 1202 in 1971 
(Fig. 1). 


Fig 7 


GROWTH OF POPULATION AND SLUMS IN MADRAS CITY 
Sti - 197i 


i9ga-tsTi 


POPULATION IN THOUGANDS 
SLUMS (MN HUNDREDS 


A typical slum hut is made of mud walls 
and roof of miscellaneous articles. It consists 
of generally one all purpose room. The 
hut is vulnerable to fire and can easily crumble 
and collapse in rainy season. The living 
space available to a slum dweller is far below 
the minimum norm for a healthy living. 
The density of population in slums is nearly 
1,00,000 persons per sq. km. compared to 
20,000 persons for the non-slum areas. 


A slum dweller already tormented by his 
proverty and surrounded by unhygienic 
environment falls easy prey to infectious 
and communicable diseases—leprosy being 
one of them. Realising the magnitude of 
the problem of leprosy in Madras, the German 
Leprosy Relief Association started in April 
1971 a Pilot Project in Madras called Greater 
Madras Leprosy Treatment and Health Educa- 
tion Scheme. 


AIMS AND OBJECTIVES 


The objective of the scheme is to control 
leprosy in Greater Madras in an efficient 
and economic way and to evolve and standar- 
dize a pattern of urban leprosy control. 


AREA OF OPERATION & POPULATION 
COVERAGE 


To begin with, North Madras with a 
population of about 16 lakhs, was chosen 
as the Project area. This area is predomi- 
nently industrial and hence congested. For 
operational convenience, this population of 
16 lakhs has been divided in 3 distinct groups: 
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1. Slum Population—S lakhs or 30% 
of the total population. 


School going children—4 lakhs or 25% 
of the total population. 


ed 


3. Other population—7 lakhs or 45% 
of the total population. 
METHODOLOGY 


Basically the methodology adopted by us 
compares with guiding principles of S.E.T. 
set down in the operational guidelines of 
National Leprosy Control Programme. But 
considering the special features of the urban 
population and its infinite complexes, we 
have modified our approach. We have 
therefore decided to cover the 3 distinct popu- 
lation groups mentioned earlier by a 3 tier 
programme of case finding i.e.: 


1. Slum population to be covered by inten- 
sive house to house examination 


bh 


Systematic physical examination of 
all the school going children. 


Extensive health education of the 
population with particular emphasis on 
the remaining population. 


we) 


ORGANISATIONAL SET UP—FIELD 
UNITS 


The area of operation has been divided 
into 5 convenient zones. Zones are further 
subdivided into control units, managed by 
two para medical workers. Wherever local 
circumstances make it necessary, the size of 
the control unit has been adjusted to the 
local conditions depending on leprosy pre- 
valence and population density. The para 
medical worker living in the area is respon- 
sible for the case finding among the popula- 
tion of the area, follow up, and further 
management of the detected cases. 


CLINICS: OUT PATIENT TREATMENT 
CENTRES 


15 Peripheral clinics are located at strategic 
places, keeping in mind the facilities available 
for the patients, so that they can attend the 
clinic without much inconvenience. The 
clinics are conducted in the places provided 
by Corporation of Madras, Slum Clearance 
Board, and other voluntary social welfare 
agencies. These clinics are held once a week 
on a particular day. The clinics are attended 


by a team consisting of a doctor, physio- 
therapy technician, lab. technician, the local 
para medical workers, cobbler and a dresser. 


In addition to the above clinics, a clinic 
is conducted at Headquarters mostly from the 
benefit of the patients from outside the 
project area. A general skin clinic is also 
conducted once in a week at Headquarters. 
This clinic is equipped with facilities for 
physiotherapy and minor surgery. 


We also conduct 3 clinics in South Madras 
on behalf of the New Residents Welfare Trust, 
an agency involved in the social welfare of the 
resettled slum dwellers and, Guild of Services. 


HEADQUARTERS 


The technical and normative systems are 
planned, supervised and evaluated, and perio- 
dical meetings of the Senior staff are held at 
Headquarters. The offices of the Director, 
Field Staff and administrative staff are also 
located here. In addition, laboratory, physio- 
therapy unit and shoe departments are located 
at the Headquarters building. 


STATISTICS 


Procedures in the project are standar- 
dized. Recording and reporting are limited 
to what is essential for supervision, periodical 
evaluation and assessment. The basis of the 
Statistics is the individual treatment card 
supported and complemented by contact 
survey cards, school survey forms, mass 
survey forms and bacteriological report forms. 
Workers finalise their individual reports and 
present them to the senior workers in the 
headquaters every month. The senior 
workers consolidate the report for the project. 


PHYSIOTHERAPY UNIT 


A physiotherapy technician visits the clinics 
at regular intervals and assesses the disabilities 
and deformities of the patients. The patients 
are educated in general about the care of 
anaesthetic hands and feet. Patients needing 
special care are educated individually. The 
visit of the technician is also utilized to teach 
the Para Medical Workers about the basic 
principles of physiotherapy, so that they can 
carry on the educational programme on other 
days. Patients who need special physio- 
therapy are referred to Dayasadan, the in- 
patient section of the project. P.O.P. (Plaster 
of Paris) Casts for non-infected dry ulcers are 


given in Dayasadan. Patients needing surgi- 
cal intervention are referred to Vellore. 


LABORATORY 


Laboratory technician visits the peripheral 
clinics and takes smears from all infectious 
cases and also cases with doubtful classi- 
fication, for diagnostic purposes. Smears 
taken in the field are brought to laboratory 
for bacteriological examination and _ the 
results are recorded in a book and in bacterio- 
logical report form, which once again is trans- 
cribed by the Zonal worker in the treatment 
card. Smears are taken twice a year for infec- 
tious cases. 


SHOE DEPARTMENT 


So far 565 micro cellular rubber foot wear 
were supplied to the patients. 1946 minor 
repairs were attended to in the clinics. 


The following few pages deal with the actual 
pattern of work, and the results obtained 
through it. 


CASE FINDINGS 


Case finding activities mainly revolve 
around the 3 pronged action programme as 
described earlier. i.e., Slum Survey, School 
Survey and Health Education. 


A. SLUM SURVEY 


Slum population is covered by house to 
house examination. Before starting the slum 
examination, the survey team and the para 
medical worker in-charge of the area pay 
several visits to the slums. They were given 
a general picture of leprosy problem in India, 
with particular emphasis on Tamilnadu and 
the city of Madras. 


Small committees consisting of slum leaders 
were formed. These committees were and 
are still active. In consultation with these 
committees a date is fixed for film and slide 
shows and a brief talk on leprosy. Thus the 
population is made aware of the general 
facts about leprosy. On the day of Survey, 
each block or street leader volunteers to stay 
back and accompany the survey team. Their 
approaches ensure total community parti- 
cipation and commitment. 


First phase of slum survey was completed 
in December 1974. Here it is worthwhile 
to mention that the mass examination in 
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Urban area is a task that demands a lot of tact 
and ‘diplomacy’ from the Para Medical 
Workers. 


Out of the 3,04, 227 population enumerated, 
2,48,348 persons were examined which is 
82°%. 3,349 cases were detected with a 
leprosy prevalence rate of 13.6 per thousand 
(Table 1). 


POPULATION CHANGE & FREQUENCY 
OF SURVEYS 


We did a sample re-survey in one of the old 
control unit areas. Out of the old enume- 
rated population of 10,954 persons 870 (7.8%) 
had left the slum. On the other hand 7,721 
(43%) persons had immigrated in to these 
slums. This immigration rate is rather high. 


Among the old population 5,520 were 
examined in resurvey and 21 cases were 
detected—a prevalence rate of 3.8 per thou- 
sand. Only one person was suffering from 
lepromatous form of the disease. Inciden- 
tally this person was not examined during the 
first survey. Out of the immigrant popula- 
tion, 3,846 persons were examined and 50 
-cases were detected—a prevalence rate of 
13 per thousand. All of them were suffering 
from non-lepromatous form of the disease 
(Table 1A). 


It is therefore evident that there is consider- 
able rate of movement of population and 
hence it is advisable that resurveys should be 
carried out once in three years. If that is not 
possible, it should be done at least once in 
five years. In the meanwhile all other acti- 
vities of case finding should go on normally. 


B. SCHOOL SURVEY 


A sizable number of total detected cases 
have been uncovered by school surveys. 
The advantages of school survey are: 


(1) School going children form a signi- 
ficant part of the population and 
they are generally easily accessible and 
take much less time for screening. 


(2) School children form a fairly represen- 
tative sample of the various social, 
economic and ethnic’ communities 
in an area. 


(3) Cases detected among school children 
help tracing other secondary cases 
in the family or neighbourhood. 
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(4) As.a disease and vis-a-vis its treatment, 
the cases found in schools are generally 
in early stages and eminently respon- 
sive to treatment. These cases are 
thus prevented from developing defor- 
mity and progressive form of the 
disease. 


ORGANIZATION AND PROCEDURAL 
APPROACH 


Before commencing school survey, we had 
to contend with certain administrative prob- 
lems like acceptance of our survey team by 
the school authorities. The Educational 
Officer of the Corporation of Madras and 
District Educational Officers were approached 
to issue a circular to all the schools under 
their respective control to accord permission 
to our survey team to examine the children. 
Secondly systematic health education of the 
teachers and the senior students was taken up. 
It was made a rule that the visit of the survey 
team to a school should be preceded by a 
lecture on leprosy. 


During the first survey, out of the total 
2,20,245 students on roll, 1,87,325 (85%) 
were examined and 2,013 cases (11 per 
thousand) were detected. Only 6 of the total 
detected cases were suffering from lepro- 
matous form of the disease (Table 2). 


RE-SURVEY OF THE SCHOOLS 


We started the second survey in January 
1975. We were particularly careful to main- 
tain uniform time interval of about 2 years 
between the first and second survey. By 
the end of 1976, we could complete the 
second school survey, in which 2,10,455 
students were enumerated and_ 1,77,583 
students were examined (84°), 1,402 cases 
were detected (7.9 per thousand). It is very 
interesting to note that none of the child 
patient was suffering from lepromatous 
leprosy. 


C. SURVELLANCE OF HEALTHY CON- 
TACTS 


All the healthy contacts of registered pati- 
ents are recorded in contact survey cards and 
kept under surveillance. Maximum efforts 
are made to visit the patients’ families for 
examination of the contacts within 3 months 
of their registration. The contacts are exa- 
mined once a year. As on December 1976, 
there were 28,281 contacts under observation 
of whom 665 established cases of leprosy 
were detected (23.5 per thousand) (Table 3). 


HEALTH EDUCATION 


It is essential to start a leprosy campaign 
with health education and it must be conti- 
nuously and patiently emphasised during the 
development and progress of the control 
activities. The aim of the health education 
is to arouse a rational attitude towards leprosy 
in the various population groups and the 
patients and their families. 


Health education is given to the two follow- 
ing groups separately, namely: 


1. The patient and his family 
2. The general public 


Each and every patient shcould be educated 
to convince them of the necessity to take 
regular treatment which may run for several 
years, and also give them and their families 
elementary knowledge about leprosy, its 
cause, mode of spread & curability. 


The aim of educating the general public 
is to create awareness of early symptoms, 
treatment, control measures and the social 
responsibility of eliminating the disease. 
The most important thing is to involve the 
population, with whom and for whom we 
are working. The partnership is best pro- 
moted by practical demonstration of our acti- 
vities. 


Special emphasis is laid on the involvement 
of (1) Medical Practitioners (2) Teachers 
{3) Selected Groups—Lawyers, Service clubs, 
Nurses, Social Workers etc. (4) Voluntary 
Organisations. 


Orientation courses for 200 medical 
practitioners were conducted. Post-graduate 
students of local medical colleges were also 
given lectures on leprosy. As a result of 
which the local medical practitioners are 
referring the cases to us for consultation. 


Teachers, who are considered as agents of 
change play very important role in bringing 
about a change in social attitudes. So far 
2000 teachers have been given lectures on 
leprosy, with demonstration of slides. A 
class on leprosy to the teacher trainees has 
formed a part of their regular training. 


A study regarding the prevalent notions 
among the teaching community was 
conducted. A questionnaire, was circulated 
among 1000 teachers. The responses were 
interesting and are highlighted below: 


Is Leprosy Curable? 87.3°%% persons are 
emphatic that leprosy is not curable. 10.7% 
of the respondents believe leprosy is curable. 
2% have no answers. 


23.5% believe that it 
is a hereditary disease. 40.2°% believe that 
leprosy is venereal in origin. 17.9% believe 
that leprosy is caused by uncleanliness; 4.3% 
Says leprosy is due to vitmain deficiency. 
The rest are undecided. 


Cause of leprosy : 


Is your fear of leprosy due to (a) Contagiousness 
(b) Deformity and Disfiguration 


48.6% say their fear of leprosy is due to its 
contagiousness—48.7°% are convinced that 
their fear is due to disfiguration and defor- 
mities. 


Can a cured leprosy patient be allowed to mix 
with society freely 


6.8% replied in the affirmative. 31.2% 
replied in the negative. 6.2% were condi- 
tional in their answers. 


Would you purchase things sold by leprosy 
patients ? 


92.3% replied in the negative. 


It is evident that among the teachers there 
is a great deal of misconceptions about 
leprosy. Our health education is therefore 
directed to remove such notions from teaching 
community. 


_ To find out how far health education pro- 
gramme has brought about a change in the 
attitude of the teachers, a post-lecture evalua- 
tion has been undertaken. 


Lectures on leprosy have been incorporated 
in the syllabi of the 3 social work teaching 
institutions. 


Apart from this, the Madras School of 
Social Work and Nava Nirmana Social 
Institute assign final year students for field 
training with us. Some of the students from 
Madras School of Social Work and Layola 
College have submitted dessertations to the 
University of Madras, few of which are listed 
below: 


(1) People’s attitude towards leprosy; 


(2) Socio-economic study of leprosy 
patients in a self settled leprosy 
colony; 


(3) Conjugal life of leprosy patients; 
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(4) Attitude of leprosy patients towards 
the disease; 


(5) Evaluation of the domiciliary rehabili- 
tation programme. 


In addition, a score of other papers on 
leprosy and allied problems were published 
in various journals by the students. 


Voluntary organisations such as mothers’ 
group, youth groups, adult literacy groups, 
social service agencies are being persistently 
kept involved in the programme. 


Conventional methods of visual aids like 
film and slide shows, flannel graphs, flip charts 
and exhibition of slides in theatres, are being 
made effective use of. Exhibitions are also 
conducted. The slides in theatres have been 
exempted from tax and are being shown free 
as matters of public importance. A tele- 
vision documentary on methodology of urban 
leprosy control was telecast on 26th January. 
During leprosy week celebrations, a talk 
on Madras All India Radio was broadcast. 


The impact of our many faceted and inten- 
sive health education programme can be 
realised when one knows that till December 
1976, 4,854 cases have reported voluntarily 
to our various peripheral clinics. 


Table 4 gives a comparative picture of case 
detection methods. 


CASE HOLDING 


This means ensuring that cases detected in 
surveys take regular treatment unitil he or 
she is certified cured or disease-arrested. 
This is of paramount importance in leprosy 
control. Irregularity is generally due to 
ignorance, disinterest or disability of the 
patient. It can also be attributed in part to 
indifference and casualness of the control 
program personnel. 


A patient should be told the absolute 
necessity of regular treatment on the very 
first day of his registration. Invariably, 
the initial talk is very often ineffective, patients 
become irregular, and the failure to maintain 
a high case holding rate is a serious drawback 
of the control programme. 


Education of all concerned is the best 
method to solve this. We therefore carry on 
an unceasing campaign of educating the 
patients about the absolute necessity of 
regular treatment. We endeavour to find 
out the causes of absenteeism and analyse 
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them. We strongly feel that the treatment 
program should take into account various 
problems which deter a patient from attending 
regularly. 


IN-PATIENT TREATMENT FACILITIES 


After launching the project in the city 
and as the number of patients started increa- 
sing, we faced the problem of hospitalising 
patients who require specialised intensive 
care. Dayasadan, the beggar home run by 
the North Indian Business community came 
to our rescue. Dayasadan is situated in 
the centre of the city and. the authorities 
placed at our disposal a ward with ten beds 
for hospitalising patients from the project 
area. With the permission of the manage- 
ment of Dayasadan, we have added one more 
ward with ten beds, making a total of twenty 
beds to serve the project area. Patients 
suffering from reactional episodes, eye com- 
plications, early primary deformities, ulcers 
and intercurrent diseases are temporarily 
hospitalised. On the subsidence of acute 
phase, the patients are discharged and 
advised to continue treatment from their 
respective peripheral clinics (Table 5 and 5A). 


Based on the experiences gained in Madras 
we started three similar projects in Visakha- 
patnam, Calcutta and Bombay. Population 
covered by Visakhapatnam, Calcutta and 
Bombay projects are 5 lakhs, one lakh sixty 
thousand and 6 lakhs respectively. Brief 
information about Visakhapatnam and 
Calcutta is contained in Table 6. The pro- 
gramme in Bombay has been started only 
very recently. 


CONCLUSIONS 


The peculiarity of Urban leprosy cam- 
paign is the high rate of drop out cases. This 
is directly in proportion to the transmigra- 
tion of the general population particularly 
in slums. The composition of the slum 
population in the metropolitan cities has 
regional variations. While in Madras 85% 
are from within the state of Tamil Nadu, 
in Calcutta and Bombay, majority of the slum 
dwellers are from outside the states. Secondly 
it is also attributable in part to frequent 
changes in the residences within the project 
are a itself. 


It is advisable that in metropolitan cities 
where there are Medical colleges, teaching 
hospitals, corporation and ESI hospitals and 
various welfare agencies, a Central registry 
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of cases being treated by them be maintained. 
For this a well knit co-ordination committee 
should be formed and information regarding 
patients should be transmitted to the agencies. 
This will avoid duplication and enhance effec- 
tiveness of the control programmes. 


It is our experience that patients have to 
face untold miseries when referred to general 


hospitals for investigations and treatment of 


complications other than leprosy. 


In endemic 


areas where it is necessary to have a special 
“services project, it should be possible to enlist 
the co-operation of the general hospitals to 
render specialised consultancy services for the 
general complications of leprosy patients. In 


the long run it will help the integration at the 
base. 


School surveys definitely and positively 
plays very important role in urban leprosy 
control. It not only helps in discovering early 
cases, but also provides momentum to health 
education programme as a whole. Health 
education activities are useful only when 
they are supported by active case detection 
and treatment work. Care is taken to under- 
line the fact that leprosy control does not 


consist only in dishing out treatment to 
leprosy patients in any area. In fact this is a 
comprehensive community health work which 
aims at certain definite results beneficial not 
only to the patients or their families but to 
the community as a whole. For that reason 
maximum involvement of the community 
Should be aimed at. Leprosy control acti- 
vities must be implemented in the most 
practical and economical method justifying 
the cost-effectiveness analysis. 


Systematic follow up of the patients treated 
should be undertaken at periodical intervals 
and patients inactive should be promptly 
released from contro] after they have 
completed the recommended period of main- 
tenance treatment. Last but not the least, 
one cardinal factor which plays the basic role 
in leprosy control is the para-medical worker. 
He should be encouraged, properly motivated 
and better trained to be able to cope up with 
the responsibilities entrusted to him. Periodic 
refresher courses to bring the para-medical 
worker upto date with the latest information 
about leprosy and other scientific advances 
having bearing on public health should be 
conducted. 


TABLE 1 
SLUM SURVEY I 


Male Female 
Population Male Female children children Total 
_ Enumerated 92,038  ~ 82,052 67,336 62,801 3,04,227 
Examined 57,842 70,782 60,519 57,842  2,48,348 
Percentage of examination 62% 86% 89% 90% 82% 


: 123 45 9 2 179 
rie Te ee ee ee 
Total No. of Cases N 588 884 784 785 3041 
a Se ENTREE SURGES UT GSE, Le TE LIE. SGT A EL aaa 
ee” ‘gta N?L 40 36 26 27 129 
ee ee aE I RT I TD ao a Tae 
Total 751 965 819 814 334 
Male Female Male Female 
adults adults children children 
Prevelance by Age group 13% 136% 1.35% 14% 
Total Total 
males females 
Prevalence by Sex group 1.32% 1.38% 
35°, 


Gross Prevalence 
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TABLE 1A 
SAMPLE RESURVEY 


Old Migrated Per Immigrated Per 


population (—) cent (+) cent Total 
Enumerated 10,954 870 jg A 7,721 43.3% 17,805 
Examined 5,520 — 3,846 49.8% 9,366 
(52.6%) 
Cases Detected 74 bg — 50 71 
Prevalence 3.8 13.0 7.6 
Per Mille Per Mille Per Mile 
TABLE 2 
SCHOOL SURVEY 
No. of = No. of No. of Per Cases Detected Preva- 
Schools Students Students cent 5 N N?L Total lence 
enrolled examined Per 
Mille 
I Survey 353 2,20,245 = -1,87,325 85 6 1,949 58 2013 10.7 
II Survey 346 2,10,455  =—1,77,583 84 — 1,386 16 1402 7.9 
TABLE 3 
HEALTHY CONTACT SURVEY 
CASES DETECTED 
Total Healthy Contacts Registered L N N? L Total 
28,281 27 609 29 665 
TABLE 4 
CASES DETECTED AND REGISTERED (Mode Wise) 
Total Detected Total Registered 
Cases So Cases a 
Slum Survey 3,423 27.9% 2,266 219 fa 
School Survey a,a30 ie /, 2,768 27.7% 
Healthy Contact Survey 665 5.4% 480 4.6% 
Voluntary 4,853 39.5% 4.853 46.8% 
Total 12,274 100.0% 10,367 100.0% 
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TABLE 5 
IN-PATIENT MEDICAL CARE (Dayasadan) 


Number of Patients admitted—Yearwise and average stay 
ck 2 a eer a a eS or ee 


From out of Average Stay 


Year No. of Patients From Project Area Project Area in Days 
1973 148 93 55 
1974 175 104 ToL - 
1975 208 - See Fs, 50 29 
1976 297 282 15 28 
TABLE 5A 
REASONS FOR ADMISSIONS 
Year Ulcers Reactions T.B. General Total 
1973 76 (51%) FECES 5 (3%) 50 (34%) 148 
1974 L25i7,) 32 (18%) 4(2%) 14( 8%) 175 
1975 139 (66%) 322503 6 (2%) 1 EG677) 208 
1976 154 (51%) 111 39%) B67) 29 E97) 297 
TABLE 6 
SALIENT FEATURES 
CASES DETECTED 
Popula- Slum School Voluntary Contact 
Name of the projects tion Survey Survey Survey Survey Total 
covered 


Sr nn nn IEEE 


Greater Madras Leprosy 

Treatment & Health Edu- 

cation Scheme, Madras 
Started in 1971 16,00,000 3,423 B05 4,853 665 12,274 
21:97 By0 /, a fe Yh 5.4% 100% 

Greater Visaka Leprosy 

Treatment & Health Edu- 

cation Scheme, Vishakapat- 
nam Started in 1975 5,00,000 465 698 1,534 213 2,910 
16% 24% S2etive (eA 100% 

Greater Calcutta Leprosy 

Treatment & Health Educa- 
tion Scheme, Calcutta 1,60,000 213 123 557 16 969 
Started in 1975 28.0% 12.77% ay ee Lo, 100% 
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LEPROSY REHABILITATION: A PROBLEM IN 
SOCIAL WELFARE 


S. D. GOKHALE 


Historically, Leprosy had been one of the 
most dreaded diseases afflicting mankind. 
It was disfiguring, disabling, and eventually 
fatal and since without scientific treatment, 
its contagiousness remained unchecked, segre- 
gation of the leprosy-afflicted was the only 
recourse left to the society. Now with the 
discovery of life-saving drugs, leprosy is no 
longer the dangerous and crippling disease it 
was. However, the old attitude and preju- 
dice die hard, leading to continued avoidance 
and separation of the patient which is not 
only inhuman but militates against effective 
detection and early treatment. It is there- 
fore that the leprosy patient needs to be 
viewed with a special consideration and 
treated with a sense of dedication due to a 
much-maligned victim. 


REHABILITATION AND ITS APPLI- 
CATION TO LEPROSY : 


The word rehabilitation has been in use for 
many years in connection with persons handi- 
capped from causes other than leprosy. Its 
use in leprosy work is comparatively recent. 
In applying ‘rehabilitation’ to this work, 
however, a _ distinction between  leprosy- 
handicapped and other handicapped persons, 
has been overlooked. Whereas most handi- 
capped persons are not normally viewed as 
social outcasts, there is tremendous ostraci- 
sation of the leprosy patient. Because of this 
inherent distinction between the latter and 
other handicapped people, the process of 
rehabilitation must take into account the 
basic differences, both social and psycho- 
logical, between these two groups. Since 
handicapped people are not usually consi- 
dered as outcasts by society, the question of 
social acceptance does not arise in their 
rehabilitation. The blind, the deaf, the mute 
for instance, are considered different from the 
able-bodied but remain in their own homes, 
vocations and society in general. But 
leprosy patients are uprooted from their 


social milieu and a process of dehabilitation 
keeps step with the disease. 


REHABILITATION OF THE PATIENT : 


There are two main aspects of rehabilitation 
(1) Reestablishing the economic producti- 
vity of the patient and (2) re-assimilation in 
society. Without either of these, the re- 
habilitation is incomplete. 


In this respect, it is pertinent to recall the 
definition formulated by the Second Leprosy 
Expert Committee of the World Health 
Organization, viz : 


‘By rehabilitation is meant the physical and 
mental restoration as far as possible, of all 
treated patients to normal activity, so that 
they may be able to resume their place in the 
home, society and industry. To achieve this. 
treatment of the physical disability is 
obviously necessary, but it must be accom- 
panied by the education of the patient, his 
family and the public, so that not only can he 
take his normal place, but society will also 
be willing to accept him and assist in his 
complete rehabilitation., 


This WHO definition does not fully bring 
out the need for social assimilation as a 
necessary complement to economic indepen- 
dence. Further, it must be recognised that if 
the former ‘lepers’ are settled as a separate 
group away from society, and vocations are 
provided to them there, they can only be 
considered as ‘Vocationally settled’, but 
not as rehabilitated’. 


SOCIAL AND PSYCHOLOGICAL 
EFFECTS OF LEPROSY : 


It is difficult to analyse the traumatic expe- 
rience to which the leprosy patients are 
subjected, and the tremendous changes that 
take place not only in the body but in the 
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mend, nay, the whole gamut of emotions and 
feelings of the patient. The shock of leprosy 
is received by the patient as a psychological 
trauma. A small unnoticed patch on his 
body, once medically diagnosed as leprosy, 
envelopes the patient with the cumulative 
feeling of helplessness, shame, and depen- 
dency. The problem is further complicated 
since the patient has little medical informa- 
tion about leprosy. He has heard about it, 
the image that is created in his mind is of a 
person who has lost his limbs, whose face has 
been deformed, and who is totally dependent 
on the tender mercies of society. Conse- 
quently, he starts considering himself as a 
potential outcast, who will eventually lose his 
arms, his nose, his fingers and be forced to 
join the mobile tribe of faceless numbers 
suffering from leprosy. Because of this, his 
initial response is to hide the disease, and he 
is not willing to attend a clinic for treatment, 
with the result that the disease grows 
secretly, adding in turn to the social fear, 
inferiority and helplessness experienced by the 
patient. This affects the patient’s personality 
and behaviour pattern adversely, and in a few 
cases, even contributes to anti-social conduct. 


SOCIAL AND ECONOMIC OSTRACISM : 


As soon as society knows that a certain 
person is suffering from leprosy, the process 
of outcasting starts. A social distance is 
created between the patient and society. 
This affects not only the individual patient 
but also his family, and is experessed in many 


ways. Patients are not invited to religious 
functions, social ceremonies, community 
occasions. They are refused admission to 


educational institutions., public transport and 
communication, places of employment, etc. 
Also usually marriage with a leprosy patient 
is avoided. The life of a patient who is thus 
outcast is a continuous process of social 
persecution resulting in social death which, in 
all likelihood, is more cruel than physical 
death. As these patients cannot participate 
in the social and economic activities of the 
community, they tend to become isolated and 
parasites, dependent entirely on charity. 
These factors together create a new gestalt of 
their personality and behaviour, expressing 
itself in a bitter, asocial but not anti-social, 
and complex manner. The personality of 
the patient tends to be like an iceberg where 
the major portion is not visible ; what is 
visible is not complete. This inevitably 
complicates the problem of rehabilitation. 
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VARYING DEGREES OF STIGMA : 


The socio-economic stigma on _ leprosy 
tends to vary in intensity in accordance with 
the type of society., country, and community. 
Even within a single country, as for example 
India, social stigmatization appears in varying 
degrees in various parts. The tribals do not 
know much about leprosy in medical terms, 
and therefore in some respects they are less 
fearful of it. For the educated white-collared 
urban society, social stigmatisation is more 
intense and acute. This difference is also 
visible in town and country. The degree of 
stigma also depends on the prevalence of the 
disease. In those areas where the prevalence 
of leprosy is high, with patients found in many 
homes, the stigma is generally less marked 
than in regions where the prevalence is low, 
and patients are to be found in very few 
homes. Ostracism may also vary according 
to the impact of the disease. In some areas, 
only patients with gross deformities may be 
ostracised while in others, even an early skin 
patch could lead to ostracization if it becomes 
known. Finally, the degree of stigma will 
depend considerably on the patient’s occu- 
pation. Generally, agricultural workers are 
not dehabilitated as easily as white collared 
worker. 


REHABILITATION ACTION FOR THE 
PATIENT : 


The extent and type of rehabilitation action 
necessary depends considerably on the degree 
of stigma that exists in the community, the 
previous occupation of the patient and related 
factors as indicated above. Some of the 
crucial areas of action aimed at the rehabili- 
tation of the leprosy patient are outlined 
below. 


Education of the community : Since rehabi- 
litation consists of retaining in, or returning 
the patients to, it is essential to prepare 
society to receive them. To this end, educa- 
tional programmes on leprosy must be started 
and pursued on a sustained basis. The exist- 
ing structure of the anti-leprosy service should 
be used, and, strengthened as necessary, for 
promoting this campaign of education and 
information. 


The education of employers and employ- 
ment sources is equally important. If the 
patients are denied the opportunity of eco- 
nomic participation, or are driven out of their 
vocation or employment because of their 
disease, a class is created which is exploited 


economically and unsatisfied socially. On the 
other hand, it is observed that patients, even 
in a severe stage of leprosy, are not affected 
by stigmatisation if they are not dependent 
on society economically. Economic inde- 
pendence often provides a kind of protection 
against stigmatisation. Therefore, if the 
patients are to be saved from stigmatisation 
and social distance, every effort must be made 
to retain them in their own employment of 
occupation. If this is not possible, retraining 
should be provided so that they can be esta- 
blished in vocations similar to their previous 
ones. Except for patients who are so old or 
disabled that they are incapable of economic 
activity, every other patients must be provided 
with an opportunity to participate in econo- 
mic production. This is an extremely impor- 
tant part of rehabilitation. 


COMBINED DETECTION AND PSYCHO- 
SOCIAL TREATMENT : 


As increasingly accepted, the earlier taboos 
imposed by leprosy on the patient must 
gradually give way to a systematic under- 
standing of the total needs of the patient. 
An appreciation of the overall milieu surr- 
ounding the patient could result from an 
analysis of his home circumstances (including 
the family structure, its economic status and 
the extent to which this depends on the 
patient), the community’s attitudes to the 
patient (including the extent and type of 
stigma prevailing), the personality and ability 
assessment of the patient (especially his work- 
potential and re-training needs), etc. In 
such a comprehensive approach, naturally 
various disciplines (such as doctors/nurses, 
occupational therapists, physio-therapists, 
psychologists and social workers) will need 
to work hand in hand. 


The detection and after-care processes must 
also be strengthened in a way that encourages 
the patient to overcome his fear of diagnosis 
and detection. Often patients are observed 
to be unwilling to go outside the family either 
for treatment or for training. Often because 
of the stigma, the family helps to hide the 
disease, and the patient is not very alert 
about his treatment. This accounts for an 
apathetic attitude resulting in serious long- 
term deterioration, for the patient as well as 
for the community. Detection must there- 
fore try to encompass these vast apathetic 
numbers of those affected by leprosy. 


LEPROSY, ITS PREVALENCE AND 
MAGNITUDE : 


In the X VIth session of the National Sample 
Survey, an estimate was made of the popu- 
lation of leprosy patients. This data seems 
to be more indicative than complete. As far 
as Maharashtra (a state in India) is concerned, 
there are 77,000 families which have at least 
one disabled person in the family. Out of 
these, 70,000 families, or 90% of the units, 
are in rural areas. In other words, in the 
state of Maharashtra in 1.1% families, there 
is a person suffering from some kind of 
handicap. In rural areas the incidence of 
disability is 1.49% while in urban areas it is 
0.34%. The total population of disabled in 
the state of Maharashtra is 81,000 of which 
73,000 or 90% are in rural areas and 8,000 in 
urban areas. This indicate that for every 
10,000 persons in Maharashtra state 23 per- 
sons are disabled. In rural areas this inci- 
dence is 25 per 10,000 and in urban areas 
8 people in 10,000. Within the disabled 
group, the largest number consists of blind 
people followed by the leprosy-affected. In 
Maharashtra state 95% of these are in rural 
areas. The estimates in the National Sample 
Survey therefore would appear to be less than 
realistic for two reasons : 


(a) The basis of the sample survey is a 
household, while a number of patients are 
either not living with their families or are 
institutionalised ; these have not been taken 
into account. 


(b) There are a number of patients who 
are not identified or detected through the 
Survey, Education and Treatment Centres, 
(SET Centres) Campaign. 


Regional Variation : Regional variations in 
leprosy make for an instructive analysis. In 
an urban milieu, it is possible for the leprosy 
patient to remain anonymous ; he therefore 
chooses to come to urban townships. How- 
ever, the majority of the patients are still in 
rural areas. The prevalence of leprosy varies 
from state to state. In some villages in India, 
it is as low as 2 per thousand. With the spread 
of the Survey, Education and Treatment move- 
ment, a number of SET centres and leprosy 
control units have been established. 


Whether a patient is in an urban area or in 
a village, the intensity of his disease does not 
change, but with the changing social and 
economic context the problem of rehabili- 
tation does change. In an agricultural coun- 
try like India_only a minority of patients are 
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employed, self-employed or are in trade or 
industry. In this context, it is tragic that for 
patients employed in some occupations, 
social stigmatisation is quick and intense. 
For example, a labourer in a factory, a teacher, 
a nurse, a person running a provision store 
or a dealer is very often quickly stigmatised 
because of leprosy, stigmatization may occur 
more readily in the atmosphere of a city, but 
in rural areas where it may take a long time 
to stigmatise, the process of recovery is 
equally prolonged, since attitudes in rural 
areas are hard to change. 


SOCIAL WELFARE AND LEPROSY 
REHABILITATION WORK : 


Before introduction of sulphone drugs, 
leprosy work was undertaken primarily by 
missionaries, by the kind-hearted but un- 
trained volunteers. These workers undertook 
a tremendous task. The scientific approach 
to rehabilitation is of comparatively recent 
origin and provides the framework within 
which to identify the role of social welfare. 
Leprosy and its treatment is primarily a medi- 
cal concern whereas rehabilitation is primarily 
a social welfare concern. While leprosy work 
was limited to closed institutions and settle- 
ments, rehabilitation also had a_ limited 
meaning. In the new approach, as patients 
are encouraged to stay in their own society, 
the rehabilitation tasks have undergone some 
changes resulting in a greater need for profes- 
sional social work. Medical advancement 
afforded a new parameter in this connection. 
Thus, whereas previously there was little 
possibility of being cured of leprosy, the num- 
ber of cases in which disease is controlled or 
burnt out is now on the increase, creating a 
special problem of rehabilitation of negative 
but disfigured cases. Previously, if the patient 
entered an institution he had no alternative 
but to spend his entire life there, but patients 
now can and, do come back. It is therefore 
desirable for the institutional authorities to 
retain patients in the institutions for as short 
a time as possible. Even patients staying in 
independent settlements have to be encoura- 
raged to come back to society. These deve- 
lopments have given a new dimension to the 
role of professional social works in rehabili- 
tation of leprosy patients. Social workers can 
contribute particularly in the assessment of 
the personal and home circumstances of the 
patients, in community education, social 
adjustment, employment counselling and aid, 
and overall influencing of social attitudes to 


376 


the patient. They also have a major role to 
play in the areas of after-care and follow-up. 
with adequate non-institutional services, 
social workers can also contribute by under- 
taking applied research to test out the impact 
of current programmes. Their findings can 
be useful in planning prospective action in 
leprosy rehabilitation work. 


SOME PRINCIPLES : 


In applying techniques of social welfare to 
rehabilitation the following principles should 
be kept in mind : 


(a) Social work is to be treated as a profes- 
sion, and in planning rehabilitation, a scien- 
tific approach should be adopted which should 
suitably draw on the tools of research ana- 
lysis ; 


(b) Workers such as doctors, nurses, 
occupational therapists and physio-therapists 
involved in rehabilitation should be oriented 
to the contribution and tools of social welfare. 
A similar orientation should be given to para- 
medical workers, social welfare aides and 
voluntary social workers ; 


(c) Whereas leprosy rehabilitation is 
taught at present as a part of Indian social 
problems in the social work curriculum, a 
separate course should be developed on 
‘rehabilitation’. Through this, social workers 
and others should be given information about 
treatment methods such as medicines, occu- 
pational therapy, physiotherapy etc.; 


(d) As it does not seem likely that trained 
and professional social workers will be avail- 
able in adequate numbers in the near future, 
maximum use should be made of volunteers 
and social welfare aides after giving them 
adequate orientation. 


TYPE OF LEPROSY INSTITUTIONS : 


Leprosy institutions are known by various 
names such as instituions, homes, hospitals, 
asylums, infirmaries and _ shelters. These 
names are often used interchangeably. There 
are also what are known as leprosy settle- 
ments ; these are voluntary, and patients join 
these without compulsion. There is no res- 
triction of movement and there is no orga- 
nised institutional life in terms of nutrition, 
vocation, training etc. Usually, the whole 
family joins a settlement as a unit. In an 
institution, life is much more regulated, as 
time-tables, scales of clothing and diet etc., 
are imposed. The agency is managed by 


authority, and inmates have no participation 
in policy-making and management. It is also 
observed that institutions are not always 
oriented to one purpose such as medica] treat- 
ment, vocational training, hospital function 
etc.; they are often known to operate as multi- 
purpose institutions. In a developing eco- 
nomy, high specialisation is not always possi- 
ble. Consequently some institutions operate 
partly as a hospital, partly as an infirmary 
and partly as a shelter. 


For proper planning of rehabilitation, it is 
considered advisable that the institutional 
set-up be carefully assessed with a view to 
expanding its rehabilitation potential. A 
brief review of each institution-type is offered 
below : 


(a) Leprosy hospitals: These are insti- 
tutions where patients, who need to be medi- 
cally observed and attended to come for medi- 
cal treatment. Their duration of stay in the 
hospitals is limited to the period of medical 
treatment. 


(b) Asylum: These are really for segra- 
gation, convalescence and treatment. With 
the introduction of domicillary treatment, 
the need for asylums is likely to decrease. 


(c) Infirmaries: These are for patients 
who are disabled, infirm and cannot look 
after themselves, including their hygiene. 


(d) Shelters: These are institutions 
where able-bodied patients can come if they 
are homeless of if they have been thrown out 
by society. The shelters provide food, 
clothing, shelter and opportunity to work and 
earn. 


In considering the above four categories, we 
find that the need for medical aid is highest in 
the hospitals, and lowest in the shelters. As 
the need for medical treatment diminishes the 
period of stay of the patient increases. There- 
fore the present need in the field is to modify 
the institutional setting so that rehabi- 
litation can be meaningfully included in the 
work programme of each institutional type. 
Another set of institutions are comprised of 
leprosy settlements, villages and islands or 
free colonies. These are discussed below : 


(1) Leprosy settlements: Also known as 
colonies, these are found all over Asia. 
While every effort is being made to disolve 
these settlements and absorb the patients in 
society, patients are often observed to be 


rather reluctant to leave, primarily because of 
stigma, or because of the freedom they enjoy 
in a settlement. Starting new settlements 
or exclusive communities of the leprosy- 
affiicted should nevertheless be avoided as 
far as possible. Such centres contribute to 
perpetuation of the stigma of the disease, and 
do not help to change the age-old outlook of 
society towards leprosy-handicapped persons. 
Owing to their wide prevalence, however, the 
main features of settlements may be briefly 
discussed, with a view to reorienting their 
rehabilitation. 


Firstly, they resemble normal communities 
except for the fact that they are predesigned 
for segregation. The inmates are free from 
the restrictions of institutional discipline and 
custody and have independent houses, where 
they can cook for themselves, follow and 
choose economic pursuits along with their 
ae Further they are free to leave at 
will. 


Secondly, the principal work in these settle- 
ments is usually agriculture, even though from 
the medical point of view, this occupation 
may not always be suitable, especially for 
patients with anaesthetic limbs. This is be- 
cause alternative employment is not readily 
available, even though many disabled patients 
may be physically fit to do other kind of work. 


Thirdly, if agricultural work has to be one 
of the principal activities in the settlement, 
this should be located where enough good, 
well-watered agricultural land with good 
access by road is available. With good plan- 
ning, use of modern agricultural methods, 
chemical fertilisers and efficient organisation, 
the land can produce enough food and even 
other cash crops. Associated with agri- 
cultural work, suitable small industries for 
allied products with easily available markets 
should also be started. Thus the settlements 
could become agro-industrial projects and 
eventually attract other handicapped persons 
and even normal people if they are unem- 
ployed. In promoting this activity, full 
measures should be enforced for safety of the 
agricultural and industrial products sold to 
the public. 7 


Fourthly, apart from agricultural land, a 
heavy initial investment is required in a settle- 
ment for housing, reclaiming the land, equip- 
ping the houses and purchasing implements, 
vehicles etc. Besides this, it would also be 
necessary to spend for the maintenance of the 
inmates for the first few years until the 
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settlement becomes _ self-supporting. The 
success of such a project, however, depends 
on many factors, of which the more important 
are the soundness of the scheme, the capacity 
of the organizers, and above all the moti- 
vation of the settlers. A settlement started 
. without these essential requirements is very 
likely to be a failure. 


Fifthly, as settlements are residential cen- 
tres with inbuilt facilities for employment, 
their inmates cannot be considered as rehabili- 
tated. It is therefore desirable to try to find 
employment in society for the residents of 
these settlements, so that they can return 
to society. In this direction, the organization 
of cooperative societies of leprosy patients 
may be a suitable supplementary measure. 
The cooperative societies, while retaining 
individual freedom will at the same time pro- 
vide a new opportunity for collective action, 
and share the fruit of their labour without 
exploitation. Such cooperation may be 
encouraged in settlements as well as outside. 


(2) Leprosy villages: As incase of settle 
ments, the leprosy villages, whether pre- 
designed or evolved, cannot be credited with 
real rehabilitation as they foster a segregated 
existence. Further, villages which are not 
pre-designed generally amount to congre- 
gations of patients who have not been able to 
be economically self-reliant or to be absorbed 
in the normal community. This often results 
in substandard living in such villages, verging 
on slum conditions. Some adherence to 
minimum social standards and provision of 
protection and care is therefore called for to 
make them more akin to the level of func- 
tioning of a settlement. 


(3) Island colonies These are maintained 
by the State agencies primarily for isolation of 
patients. They depend on the mainland 
for supply of food and other materials while 
patients earn their living to a certain extent 
through farming, cattle-raising and fishing. 
Efforts are often made to close these colonies 
and bring the patients to the mainland, but this 
has not been achieved so far. Island colonies 
are also developed in U.S.A., Philippines etc. 


As treatment and rehabilitation programmes 
develop, the need for all other institutions 
except hospitals (for purposes of treatment) 
and rehabilitation centres (for training) will 
be reduced. It is actually the duty of the 
state and the obligation of an enlightened 
society gradually to reorganise the prevailing 
institutional set-up and rely more on action 
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that will generate new opportunities of life for 
the patients. 


PLANNING LEPROSY REHABILITATION 


The task of rehabilitating approximately 
30,00,000 leprosy patients in India can only be 
undertaken through a systematic and planned 
approach and with a _ well-conceived legal 
framework. The legal and planning aspects 
are discussed below. 


Leprosy and law: Most countries have 
some legislation on leprosy. Some laws 
relate to compulsory segregation, some to use 
of transport, some to the presence of patients 
in public places and some to divorce and such 
other aspects. These laws, enacted in the 
distant past, when the attitude of the State 
and society towards leprosy patients was very 
harsh and there was no discrimination bet- 
ween infectious and non-infectious patients, 
were designed to be primarily in the interest of 
the general society. Some of the countries 
Which had legislation for compulsory segre- 
gation have now given it up. But in many 
Countries the other out-dated and unneces- 
sarily harsh laws are still not repealed, though 
they are no longer implemented rigorously. 
Of the countries which have no compulsory 
segregation, some have a public health act 
authorising district health authorities to segre- 
gate infectious patients when they consider 
this necessary. 


Both leprosy workers and lay people want 
leprosy legislation, but for opposite ends. 
The former would like to repeal outdated 
legislation and replace it by new laws, prima- 
rily to protect the leprosy patients from the 
unjust attitude of the State and society, and 
also to give them the same rights as any 
healthy citizen. On the contrary, the lay 
people want legislation to exclude leprosy 
patients from normal society. 


In democratic countries, it is the elected 
representatives of the people who decide whe- 
ther legislation should be enacted. Even 
legislators with progressive attitudes may not 
have scientific orientation on leprosy. It may 
therefore be inopportune or even dangerous 
to repeal, modify or replace legislation with- 
out educating the legislators. The question 
of repealing should be raised only when 
there is evidence that the legislators* attitude 
and thinking about leprosy have changed and 
they are well-informed. 


The Technical Committee on Education and 
Social Aspects of the VIIIth International 
Congress on Leprology, held in Brazil in 1963, 
has made the following recommendations 
about legislation : 


‘In the light of modern knowledge, there is 
no need for special legislation on leprosy, and 
any legal measure dealing with leprosy should 
form part of general public health regulations. 
Wherever there is legislation on leprosy that is 
not in conformity with the modern approach 
to the disease, Government should be urged 
to revise such legislation suitably. It is 
recommended that Governments still enfor- 
cing compulsory segregation, abandon this 
policy’. 


In India, the Leprosy Act was passed in the 
late nineteenth century. Inevery respect it is 
out of date and out of context, and it is 
desirable to review and amend it, keeping in 
mind the above mentioned considerations. 
The importance of well-conceived legislation 
for fostering an overall climate conducive to 
the treatment and rehabilitation of the 
patients cannot be overstated. 


STATISTICS AS A BASIS FOR PLAN- 
NING : 


To plan rehabilitation work of such a 
magnitude, some estimate of the treatment 
and rehabilitation needs of the target popu- 
lation is necessary. Indicative data can be 
gathered from programming and planning 
purposes, by classifying the patients into 
viable sub-groups of categories, viz : 


(a) Institutionalised patients. 
(b) Patients attending outpatient clinics. 


(c) Sufferers who are undetected and un- 
registered. 


(d) Beggars and mobile groups of leprosy 
patients. 


Estimates of the population in each group 
and their respective needs will provide a 
suitable basis to plan for their rehabilitation. 


Institutionalised patients: Patients app- 
roach leprosy institutions with different 
motives which make an impact on their medi- 
cal needs. Thus, some patients regard the 
institution as their permanent residence and 
have no desire to go out. They are therefore 
likely to neglect their medical treatment. 
Other patients go to the institutions as a last 
resort, and feel a keen desire to return to the 


community. These patients are likely to be 
careful about their treatment. Those who 
are completely disabled or infirm, who cannot 
return to society, and who are viewed as 
terminal cases, require long-term attention, 
which is not always feasible within the insti- 
tution. In some countries therefore experi- 
mental attempts are made to keep terminal 
cases in families by giving them grant-in-aid. 
Finally, there are patients who after treatment 
in institutions become non-contagious or 
‘burnt-out’ cases. Yet since many of the 
institutionalised patients have no contact 
with their families, they have no home to go 
to, and are therefore in real need of rehabili- 
tation. 


Patients outside institutions : Patients who 
come to out-patient clinics can take care of 
themselves, and their rehabilitation needs are 
limited. They probably need some financial 
assistance to start a small business or to 
reorganise their vocation, or to buy some 
basic equipment, or perhaps they need an 
introduction. If a _ rehabilitation worker 
analyses these cases, he will find that even in 
this category there are patients who are in the 
process of dehabilitation. 


Undetected patients. Patients who are not 
registered or who are not detected by the 
Survey, Education and Treatment (SET) 
Centres have different problems. The num- 
ber varies from State to State depending on 
the status of leprosy work in each. In some 
countries there are fewer number of undetec- 
ted cases. Unfortunately in India this is not 
the case. It is estimated that there are many 
undetected cases and therefore the primary 
aim of all SET work is to detect patients and, 
on detection, analyse their rehabilitation 
needs and then provide for medical assistance. 


Leprosy beggars: Beggars per se are a 
social problem ; patients who are driven to 
begging are normally not a large group statis- 
tically, but since they exhibit themselves on 
the foot-paths they become targets of atten- 
tion for everyone with a social concern. 
Since they are mobile, it is very often diffi- 
cult to find out the exact number. However 
it is now agreed that begging is primarily a 
social problem, not a medical one. Because 
the leprosy-affected begger suffers from two 
stigmatisations, both as beggar and as leprosy 
patient, he gets isolated for fear he might 
spread the disease. Therefore the question 
of rehabilitating leprosy beggars should prima- 
rily be a subject of correctional adminis- 
tration, and not of public health. 
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PROGRAMMING CONSIDERATIONS : 


For successful programming of rehabilita- 
tion a continuous social, economic and 
psychological study of the patient (s), is essen- 
tial along with a systematic case detection 
campaign. To this end, and while planning 
for rehabilitation programmes, the following 
considerations should be kept in mind : 


(a) The case detection campaign should be 
spread far and wide along with community 
education, research and man-power training. 


(b) Rehabilitation should be planned for 
the patients who need it most. The basic 
criteria for rehabilitation, namely assimilation 
in society and economic independence, should 
not be compromised at any cost. 


(c) Rehabilitation training centres should 
be established with special arrangements for 
vocational training. In selecting the voca- 
tion, rehabilitation considerations should 
combine with medical considerations. 


(d) Sheltered workshops should be esta- 
blished. 


(e) SET surveys for case detection, edu- 
cation, and treatment should be undertaken 
simultaneously. In every country where an 
SET programme has been developed the inci- 
dence of disfigurement and disability has been 
reduced. Timely medical treatment has 
helped patients to control the disease without 
being affiicted by disability or being dehabili- 
tated. This campaign overcomes the fear of 
social stigmatisation. The low per capita 
expenditure of the scheme, and the high suc- 
cess percentage in results undoubtedly prove 
that this is a cheaper method of dealing with 
leprosy than institutionalization. Therefore 
this scheme should be given priority over any 
other programmes. 


Rehabilitation potential among patients : 
In making such plans, the rehabilitation poten- 
tial of all the patients should be assessed. 
For this purpose, the following factors have 
to be taken into account : 


(a) Attitude of the patients towards re- 
habilitation. 


(b) The personality traits and behaviour 
of patients. 


(c) Social attitudes of the patients. 
(d) Desire to learn skills. 


(e) Stability of mind, need for steady 
work. 


380 


handling small screws etc. 


(f) Over-all appearance of the patient from 
the point of view of social acceptability. 


This assessment will help to identify the 
major obstacles to rehabilitation of the 
patient, and how they can be removed. 


Occupational choices: While deciding 
what occupation or vocation should be given 
to the patient, medical factors have to be 
taken into account. Patients who have lost 
or have benumbed extremities naturally have 
many limitations in this area. For purposes 
of planning rehabilitation, patients could be 
categorised on four medical grounds : 


(a) Patients who are not disfigured or 
whose hands and feet are not anaesthetic. 
These can be given a variety of work to 
handle. 


(b) Patients whose hands are anaesthetic, 
but whose fingers are not lost. This category 
of patients should be given work in which 
they will not come in contact with hot, sharp 
or rough edges. If essential, the handles of 
the tools should be rubber-coated. 


(c) Patients whose hands are anaesthetic 
and also damaged to some extent. These 
should not be given any work involving 
pressures or strains, for example, handling 
small and sharp parts of a machine, a watch, 
For such patients, 
different work has to be found or tools have 
to be changed. 


(d) Patients whose feet are anaesthetic 
have to be provided with special footwear, 
and should not be asked to undertake jobs 
involving much standing. 


Whatever the type of work that is found for 
a patient he should be able to get a minimum 
wage to sustain himself. In offering work 
opportunities, the ability and preparedness of 
the patient should be taken into account. 
If the patients undertake work which is beyond 
their physical capacity, they will soon be- 
come chronic dependents. For housebound 
patients work should be found which can be 
done at home. Only those who cannot find 
employment in the common market, should 
be sent to the sheltered workshops ; other- 
wise preparation and training should be 
completed in the normal training centre for 
the normal community. 


EVALUATION : 


There are many ways of measuring the 
effectiveness of the programmes. One is to 
measure the incidence of disfigurement. 
When rehabilitation work first started in 
Maharashtra State, about 30% of patients 
were disfigured (1952), but now the figure is 
10%. The incidence of disfigurement in a 
ten year period ending in 1971 is given below : 


1961 52.9%, 
1962 42.8%, 
1963 55.3%, 
1964 45.4%, 
1965 50.4% 
1966 35.2% 
1967 32.8% 
1968 6.3%, 
1969 20.8%, 
1970 4.6%, 
1971 6.8%, 


It also appears that the public attitude is 
changing about reporting leprosy. Previously 
every patient had to be detected. Now more 
than 40% of patients report on their own. 


The categorisation of patients is also chan- 
ging fast. The nodular type of lepromatous 
patients are rarely to be found. Many of the 
patients are of indeterminate category, or of 
tuberculoid category. The proportion of 
lepromatous cases (which is known as L rate) 


has been observed to have diminished consi- 
derably in the last few years as is evident from 
the following : 


1961 27.6% 
1962 21.8%, 
1963 40.9%, 
1964 39.3%, 
1965 40.0%, 
1966 21.5%, 
1967 40.9 %, 
1968 30.7%, 
1969 17.1% 
1970 5.4%, 
1971 10.2%, 


Additional indicators for assessment of the 
impact of the various programmes of course 
need to be developed. These should help 
improve future performance and viability of 
programmes in the area. 


CONCLUSION : 


Major head-way has been made towards 
tackling the problem of leprosy. S. E. T. 
(Survey, Education and Treatment) centres 
have been started on a wide scale. Custodial 
care of the patient has been given up in favour 
of domiciliary treatment. Much hard work 
is going on in the effort to fight this malady. 
The base of the problem being very broad, the 
result does not make an appreciable mark 
but its intrusive impact should not be lost 
sight of. 
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VOCATIONAL REHABILITATION OF THE LEPROSY 
AFFLICTED 


C. ANTONY SAMY 


INTRODUCTION 


Leprosy is a burning problem in India and 
in a number of less developed countries in 
Asia, Africa and South America. World 
bodies concerned with the health of the 
people and the governments are also con- 
cerned about this and are making concentra- 
ted efforts to control, and if possible, to 
eradicate the disease. After more than a 
hundred years, after the bacillus has been 
identified, and colossal amounts of expendi- 
ture, control seems further away and eradi- 
cation a dream that cannot be fulfilled. So, 
simultaneously efforts are being diverted 
towards purposeful rehabilitation and relief of 
the leprosy afflicted. Vocational rehabilitation 
which comes at the end of the spectrum 
which starts with the medical work is the 
ultimate goal. Medical treatment and surgi- 
cal correction should ultimately lead to voca- 
tional rehabilitation which would make the 
person independent and selfreliant. 


CLASSIFICATION : 


The leprosy afflicted are generally classified 
according to the bacteriological status which 
is useful for medical purposes. However, for 
vocational rehabilitation a different system is 
more meaningful. 


1. Those with only patches and having no 
deformity. 


Bi Those with minor or correctable defor- 
mity and partial anaesthesia of the 
limbs. 


3. Those who have totally -anaesthetic 
- limbs and severe deformity or loss of 
limbs. 


The first group can be integrated into open 
society without much difficulty. Those who 
have very severe deformities and who are very 
old are to be looked after by their families or 
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special homes and it is the middle group who 
would benefit most by rehabilitation pro- 
grammes. 


Attempts have been made to standardise 
definitions and measure deformity. While it 
may be necessary for a theoretic, scientific 
study, for practical purposes in rehabilitation, 
these can be general guidelines since a more 
important factor viz. motivation, would be 
the overriding element. 


They can be further classified according to 
age, sex, and skills possessed, educational 
levels and whether they are rural or urban 
based. 


THOSE WHO NEED REHABILITATION: 


By and large, the majority of the leprosy 
afflicted are in rural areas and those found in 
urban centres have migrated from rural 
areas. Most have had no education or skills 
and the vast majority of them are over twenty 
years of age. 


There is a perceptible stigma about leprosy. 
But fortunately, compared to the vast number 
who are afflicted by the disease, those who are 
ostracized are not many. The social customs 
prevalent in the rural society do not very 
much affect the leprosy afflicted, excepting 
those with gross, disfiguring deformities. 
They may not be able to eat in hotels or visit 
all places freely ; but in their own homes, 
they are tolerated if not accepted. Those who 
have some income manage to live fairly 
comfortably in their own villages. Thus 
those who need rehabilitation fall into two 
major groups : 


(i) Those who have, due to social stigma 
or economic reasons, migrated to the 
cities, and have taken to begging. 
Their’s is more a social problem than 
a problem of leprosy. 


(ii) Those who suffer a handicap because 
of the progression of this disease. 
This group can be further classified 
into : 


(a) Those whose occupation becomes 
hazardous due to the effects of the 
disease e.g., a goldsmith or black- 
smith with anaesthetic hands. 


(b) Those who can be productive but 
are isolated because of the disease. 


The majority of the leprosy beggars are 
beyond the means of any meaningful rehabili- 
tation. Many of them have survived long 
periods on doles and cannot contain them- 
selves to fixed work situations. 


RURAL OCCUPATIONS : 


As indicated earlier, the majority of the 
leprosy afflicted come from rural areas, with 
agricultural background, have had very 
little education and no specific skills. For 
such people rural based cottage and small 
industries which do not demand high skills, 
complicated marketing, 
working costs will be the answer. 
occupations can be in 


The rural 


1. Agriculture. 
2. Crafts and arts. 


3. Rural based small industries. 


AGRICULTURE : 


In agriculture, certain operations like wet 
puddling may be difficult. Labour intensive 
horticultural work will be advantageous. 
Production of hybrid seeds involving manual 
pollination, sericulture which needs mulberry 
cultivation and frequent harvesting and such 
work will be very paying and at the same time 
can be done with very little training. 


CRAFTS AND ARTS: 


Crafts and arts are generally traditional 
work. Children follow parents doing such 
work and different areas have become famous 
for certain type of crafts. Weaving in Conjee- 
varam, potteries in Rajasthan, mud toys in 
Andhra are specific examples of such work. 
But weaving of mats and cloth, chalk making, 
rope spinning and toy making do not give 
high wages. 


much capital or 


RURAL BASED SMALL INDUSTRIES : 


Rural based small industries are not only 
an avenue of employment but they can help 
the development of rural areas. Small 
carpentry or smithy units making simple 
furniture, ploughs and agricultural equipment 
can be paying and help introduction of better 
agricultural practices. Designs are available 
from research centres and can be copied. 
Silk thread extraction from cocoons, bangle 
making, production of simple aluminium 
utensils are other areas of employment. 
Poultry and small dairies can also be kept. 


Compared to industrial rehabilitation, 
work such as these, has the advantage that 
people can be easily trained to do such work 
and in a short time, and they are not expensive 
to set up and operate. The greatest advan- 
tage of such schemes is that the people 
involved in such work can remain in their 
own homes and maintain the existing relation- 
ship with society. However, the disadvan- 
tages are : the units will suffer and even close, 
if the leaders of the units do not have 
entrepreneurship, and good marketing 
abilities. Even then, the economic gains to 
the involved individuals is not high. But 
then they are to be compared with others in 
the rural areas who also have a very low per 
capita income. 


INDUSTRIAL REHABILITATION : 


With the growth of large, medium and 
small-scale industries in the urban, and semi- 
urban areas, industrial rehabilitation is a very 
good avenue for employment. This is parti- 
cularly advantageous to those leprosy afflicted 
who are young and who have had some 
education. In most industries there are 
a number of unskilled and semiskilled occu- 
pations, which can be taken up by these 
people. 


Most jobs in industries can be filled by the 
leprosy afflicted and there is no limit to what 
jobs they can hold except that the work should 
not involve extra risks and should avoid any 
further damage to their limbs. By and large, 
work such as glassblowing, working with 
molten metal and handling of abrasives are to 
be avoided. 


While most positions can be filled by the 
leprosy cured, to reach well paid jobs they 
should be taught some skills. Trades such as 
mechanical or civil draftsman, turner, miller, 
machinists, inspection area, are some of the 
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specific positions that can be filled even by 
those with some deformity. So training in 
these areas will help them. 


EDUCATION AND TRAINING : 


Care should be taken to make sure that the 
education is not interrupted because of the 
onset of the disease. Basic education would 
help them to get formal training which can 
lead to successful rehabilitation. For those 
whose education had been interrupted special 
coaching can be given in languages and arith- 
matic, which can be followed by industrial 
training. 


Industrial training can be formal like those 
imparted in Industrial Training Institutes or 
informal, on-the-job training, which can be 
short and may be sufficient for most jobs. 
Formal training is prolonged and can be 
expensive. Most Industrial Training Insti- 
tutes, unless manned by sympathetic people, 
would not admit physically handicapped 
people. Even if they admit the leprosy afflic- 
ted, they would not get the special under- 
standing to tackle mostly psychological prob- 
lems. So it becomes necessary to start special 
Technical Training Centres for the leprosy 
afflicted. However, care must be taken to 
see that these are not centres of isolation, but 
must aim at integration and so should admit 
other handicapped people. In _ choosing 
areas of training and the persons, the follow- 
ing factors are to be considered : 


(1) Areas of training should be such that 
employment opportunities are available. 
Training in textile equipment will not be a 
wise choice in an area where there are no 
cotton mills. 


(2) The persons chosen for training must 
perferebly be young and must have high 
motivation to be employed and be prepared 
to subject themselves to regular work habits. 
Training elderly people who had been begging 
for many years or who have spent long periods 
in sanatoriums are very unlikely to be success- 
ful. 


(3) Area of training should be such that 
the resultant employment should not expose 
them to more risks for their limbs. Typical 
example would be areas of high temperature 
working where anaesthetic limbs can be 
damaged. 
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PLACEMENT AND FOLLOW UP : 


In our country where unemployment and 
underemployment is rampant, placement 
should be followed with care. Training 
would be a waste if it is not followed with 
proper placement. Both the employer and 
the employee should be prepared well. Too 
rosy a picture of the capabilities of the handi- 
capped should not be painted to the employer ; 
and the employee should be told not to expect 
any special treatment since most industries 
will not bother to make any special arrange- 
ment. 


The initial period of three to six months are 
very critical since in a new place the new 
entrant would see even small problems magni- 
fied many times. Till they make new friends 
and adjust themselves to the new situation, 
they must be helped by a counsellor with 
frequent visits, and by both advisory and 
monetary help. 


SHELTERED WORKSHOPS : 


For those who are badly deformed and 
those who cannot be employed in open 
industry, sheltered employment can be tried. 
Sheltered employment need not necessarily 
mean subsidised employment for substandard 
workman. Sheltered workshops specifically 
for the handicapped have been running 
successfully as economically viable units. 


The A.P.H. workshop in Bangalore, C.B.H. 
workshop in Aramboly, “3R” workshop in 
Bombay, ORBIT centre in Tiruchirapalli and 
the WORTH centres in Katpadi and Tiru- 
chirapalli are ample demonstration of success- 
ful rehabilitation light engineering industries. 


These industries work as ancillary industries 
to bigger units and thus solve the marketing 
problem. But they have the disadvantage 
that they need qualified managerial personnel 
and costly machine tools. Viewed as invest- 
ment per person employed, they are much 
more expensive to start and run compared to 
simple crafts. But then the employees earn 
a much higher salary. A very important 
contribution that they make is the demons- 
tration of the employability of the handi- 
capped in skilled jobs. Industrialists and 
employers visiting these centres feel convinced 
of the capabilities of handicapped persons 
and offer them employment. 


SELF EMPLOYMENT : 


Self employment offers yet another avenue. 
This has a wide potential since varied posi- 
tions are open. From a small vegetable stall 
involving a few rupees investment every day, 
to a huge repair workshop, there is a wide 
range to suit people with various abilities, 
skills, and economic levels. Small shops 
selling cigarettes, toilet articles, cycle repair 
_ shops, radio and television service centre, 
plumbing work, carpentry, cycle rental busi- 
ness, laundry, poultry unit, operating a 
circulating library are some examples. The 
investment needed for starting most of these 
is not high. But entrepreneurship is a valua- 
able trait, if the business has to succeed. 
If a person is self-employed in an area in 
which he or his family has some experience 
and if there is a demand for such a service in 
the place where he sets it up, chances are it 
will succeed. The other advantages of self- 
employment are that the person can remain 
in his own hometown, his family members 
can help him look after it and that he can 
choose the working hours. 


FINANCIAL HELP : 


Financial help for self-employment is avail- 
able on easy terms. Most nationalised banks 
give loans of various amounts, depending on 
the enterprise, at 4° interest. Compared to 
the 18%, interest normally charged; this is a 
very light load and most banks view handi- 
capped applicants sympathetically. 


The Government of India, through the 
social welfare department helps voluntary 
agencies with very generous grants to set up 
rehabilitation training centres and sheltered 
workshops. 


THE BOTTLE NECK : 


Those who need rehabilitation are many and 
opportunities for employing the handicapped 


are quite wide and financial help is easily 
available. The important constraint in voca- 
tional rehabilitation is the need for qualified 
and interested technicians and leaders. 


Most rehabilitation centres struggle or fail 
because they are managed by people who are 
not equipped with the skills needed to manage, 
produce and market. Very often they are 
managed by people who do part time work 
or look after it in addition to their fulltime 
work as medical or management people. 
For those skilled technicians who are willing 
to work, the salary offered is not attractive. 
The need to train interested motivated mana- 
gers is great. Actually it is the first step to 
successful rehabilitation effort. 


Rehabilitation centres in India are doing 
some pioneering work. A number of them 
are doing an excellent job. From their 
failures and successes will come more infor- 
mation and more successful units which can 
provide occupational rehabilitation which will 
be the crowning effort of all the work that is 
being done for the leprosy afflicted. They 
will cover the villages, towns and cities and 
will include agricultural work, crafts, trades 
and industry. In fact, vocational rehabili- 
tation will be in all areas where people are 
involved—since the leprosy afflicted are also 
people. 


A cadre of people, specialising in occu- 
pational rehabilitation can be formed . by 
recruiting interested engineers and technical 
persons and giving them specialised training 
in the medical rehabilitation, human engi- 
neering, production possibilities, marketing 
and management. Such qualified, trained 
and involved people would bring about a 
welcome change in the occupational rehabili- 
tation efforts, which are now feeble and suffers 
for want of such personnel. 
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A VIEW FROM THE WINDOW 


B. KR, CHATIERIJEE 


The objective of this volume has been, true 
to the word, opening a window on leprosy 
for almost everybody with an interest in 
leprosy to look through, and see. It is not 
for me to judge, or criticise. I can only 
thank, and indeed I am thankful, and grateful 
to all the contributors for laying down a 
feast for the inquisitive, for the critic, 
for the learner, and for the uninitiated. 
Before leaving the window for the viewers, 
the temptation is irresistible to add some tit- 
bits, some ‘stray thoughts’ and comments 
as my offerings, not particularly caring where 
they fall and how they fit. I would 
scrupulously restrict myself to topics I am 
somewhat familiar with through work and put 
forward some arguments and logics backed 
some-times with suggestive evidence with the 
hope that these will generate further discus- 
sions. 


In the following few pages I would attempt 
to highlight some of the issues and problems 
that need rethinking both in the light of old 
knowledge, and of new knowledge. Why 
particularly old knowledge? It does so 
happen that in the enthusiasm of new 
discoveries some very obvious facts or possi- 
bilities are either forgotten, or so much taken 
for granted that it almost amounts to 
forgetting. Take for example the 1898 paper 
of Schaffer’s, eloquently describing, with 
evidence, the nose as a very logical source of 
dissemination of M. leprae. The importance 
of that old finding has now been appreciated 
in full after the ‘re-discovery’ of the nose and 
nose-pharynx as a rich source of M. leprae. 
It is therefore sometimes useful to reminesce 
in, ruminate and recall some of the old, 
pioneering studies in medical biology to get 
leads from, and appreciate the significance of 
findings that in the light of modern thinking 
may seem somewhat orthodox or unscientific. 


So, it is from this premise that I will dwell 
into some of the areas of leprology as they 
stand today, and try to understand any lessons 
these may offer. 
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State of the endomicity—As will have been 
evident from the preceding chapters, we know 
more about leprosy now than when the mass 
campaign was launched in different leprosy 
endemic countries more than two decades ago. 
But has all this new knowledge helped im- 
prove the leprosy situation? Some experts 
feel that leprosy has actually increased in most 
countries. While others think there has been 
an improvement in the situation wherever 
control work has been carried on with some 
efficiency, and this is taken to mean a 50% 
coverage of the population with the registereed 
patients taking 50% treatment. The SET 
pattern of work, and in particular, the way 
it is implemented has come under criticism. 
In a private conference of the Leprosy Mis- 
sion’s held last year at Singapur, Dr. Paul 
Brand had made some very pertinent 
comments on the shortcomings of the pro- 
gramme as it is implemented, and for the 
benefit of those who do not have access to 
its proceedings, I am citing some relevant 
excerpts from his paper with the permission 
of the Leprosy Mission: 


“When TLM/ALM* workers met in Luck- 
now in 1953 we seemed to know all the 
SNSWETS: «9... vacaeee We looked back in 
1953 to the 1930’s and the early 1940’s and 
we remembered that those were the days of 
mo hope; .. -s2a5 In the early 1940’s 
the sulphones came along, the ‘miracle at 
Carville’ had. hapiemedene......:... It is 
now 23 years since that meeting (which is 
about a generation) and today there is more 
leprosy in the world than there was then 
a We have to ask, what went 
wrong? How is it that there are more 
leprosy patients today than there were then? 
We tried to follow the rules. 


There were two things that went wrong, 
PAnInK. 0... oc. ene I would like to consider 
those two things one by one, rather briefly. 
Because we have certain 


* The Leprosy Mission and American Leprosy 


Mission respectively. 


resources of people and money we can either 
cover 10,000 people very thorughly, or 
1000,00 people less thoroughly, or may be 
1 million people just spraying sulphones by 
helicopter. So what is the level that is 
appropriate? The level that was most com- 
monly used throughout India was called the 
S.E.T. programme, and it consisted in survey, 
education, and treatment. 


It was worked out by Dr. Wardekar, with 
the guidance of the World Health Organiza- 
tion, and was in many ways a very good pro- 
gramme. But it insisted that because it is 
basically government, and equal treatment 
has to be given to everybody, therefore it is 
based upon the resources that are available 
from the Indian Government, and that is 
only so much per patient per year, and this is 
what we can do withthat money. .......... 
There was a sombre moment in the late 
1960’s when WHO did a world survey and 
found that in India in the average S.E.T. 
programme the average attendance, 50-60% 
in the first year, had dropped to 25% in the 
2nd year and by the 3rd year not even 20% 
of the lepromatous cases were attending 
regularly for their treatment. Therefore, 
although the sulphone drugs were being made 
available in the villages, only about a fifth 
to a quarter of the lepromatous patients 
were taking regular treatment, although all 
who had started treatment were still positive. 
aa The biggest single cause of the 
failure of world wide leprosy control is simply 
lack of confidence in the programmes that are 
available in the field. In those programmes 
that had the very low attendance by and large 
there was no central hospital or hospital bed 
to which the patient could be referred when 
he had acute reaction or pain or neuritis, 
or needed extra help. The second reason 
why leprosy control is not likely to be readily 
completed and leprosy is not going to be 
eradicated in our lifetime is this little business 
of the smart bacilli. Mycobacterium leprae 
is not as simple as we thought it was, and faced 
with the challenge of sulphones it has found 
an answer, and this is the second great problem 
facing TLM today, and also facing WHO. 
a This is a terrible problem, be- 
cause the cost of treating a sulphone-resis- 
tant person is ten times the cost of treating 
them with sulphones. . We are 
facing a terrific new challenge. It is going to 
require all of our imagination, all of our 
resources, all of our sense of dedication, all 
of our sense of priorities, to be able to handle 
the patients to whom we are already 
committed in a way that will give them 


confidence in our method. 
good programme does not cost more 
than about three times as much as a poor 
programme, whereas a programme for. drug- 
resistant leprosy may cost ten times as much. 
Therefore we are justified in going into it in 
depth’’. 

It is hard to disagree with much of these 
remarks but at the same time it must be 
pointed out that the implementation of the 
control programme with the necessary input 
in terms of money and skilled manpower as 
envisaged by Dr. Brand is possible only in 
countries with a limited problem. Norway 
controlled leprosy through a masive effort 
whose mainstay was isolation. There is no 
doubt about a qualitative change in the 
endemicity in areas of India where the pro- 
gramme has been going on for a decade or 
longer. Whether we want it or not, the 
back log of cases with ulcers and mutilating 
deformities are to stay with us until they are 
eliminated by natural process. The new 
cases are largely of the non-lepromatous type 
and, with less deformity. In all infectious 
disease situations with the progress of the 
epidemic the susceptibles are eliminated 
through suffering or death, and the remainder 
of the population either escape with mild 
attacks, or none. On the state of endemicity 
of leprosy in the Philippines, Doull (1) made 
the following observation: “That some- 
thing peculiar was going on which had affected 
the entire community is suggested also by the 


' fact that as the lepromatous type declined a 


compensatory increase occured in the non- 
lepromatous form”. This was in the mid 
fifties when control by DDS mass therapy 
had only begun and could not have contri- 
buted to this change. This trend is also 
apparent in the centres in India where good 
records have been kept as in Gudyathum, 
Vairag, Jhalda, Tirukoilur & Polambakkam. 
It would be interesting to find out if a similar 
trend is prevailing in areas not hitherto 
brought under the control programme. At 
the Fatehpur control unit of the Santhal Paha- 
dia Seva Mandal of Bihar an Assessment 
was made in 1973-74 of their control work 
that began in 1955. It was the impression 
of the assessment team, of which I was a 
member, that after a very good record of 
initial work, there was a general decline of the 
quality of work due to improper supervision 
and, guidance. The prevalence rate of 18.24 
per thousand at first survey done during 
1955-59, went up to 29.34 per thousand at 
assessment survey of 10% randomely selected 
villages, done during 1973-74. Even so, 


387 


the lepromatous prevalence came down from 
4.94 per thousand to 2.80, and the lepromatous 
rate, i.e. proportion of lepromatous cases, 
came down from 21.3% at survey I, to 8.7% 
at assessment survey. Notwithstanding the 
interference of the control programmes, 
the endemicity is perhaps taking its own 
slow course. We can increasingly expect 
more of milder, non-lepromatous disease 
and less of the virulent, highly infectious, 
multibacillary forms due to elimination of the 
susceptibles and a selective influence of the 
infection on the population. Naturally, in 
the case of a generally slowly evolving disease 
as leprosy, it would take decades before such 
change became perceptible. I am speaking 
here strictly in terms of the Indian situation. 


Another form of qualitative change in the 
endemicity that is occuring in areas under 
effective control coverage is evident in the 
data in the following table. Studies in 
Bankura by Dharmendra & Lowe, and that in 
the Philippines by Doull & Guinto established 
a 4 times higher risk of contracting leprosy 
for family contacts of lepromatous leprosy as 
compared to contacts of tuberculoid leprosy. 
Also, contacts of tuberculoid leprosy had 
twice as much risk of getting leprosy as a 
non-contact. The data presented in this 
table are from our longitudinal study in 
Jhalda. The Leprosy Mission started its 
control programme here in the early sixties 
and the lepromatous and borderline cases 
have been fairly well covered by the treatment 
programme. This is clearly reflected in the 
equal attack rates among nuclear family 
contacts of L & BL and T & ID leprosy. 
This means that with a sustained campaign, 
the transmission can be effectively interrupted. 


In India, since the last hundred years or 
more, due to a gradual improvement in 
communications, populations that used to be 
largely confined within their own villages 
have started travelling and mixing. This 
process has intensified many folds since 1947. 
Also, in the olden days, due to far more 
severe social stigma, there was an in-built 
mechanism of isolation. This is also changing 
gradually. The population has grown rapidly 
and food production has not been able to keep 
pace with it. Due to a combination of such 
factors, transmission is probably favoured and 
I would not be surprised if there has been a 
real increase of prevalence in India. But as I 
already mentioned, the situation has been 
undergoing a qualitative change. The task 
would be to intensify this process by general, 
as well as medical and public health measures. 


Prophylaxis—Along with the programme for 
control through mass therapy, the time has 
now come to seriously think in terms of pre- 
vention and the IMMLEP programme of 
the WHO through co-ordinated work in many 
laboratories, have started in a big way the 
search for leprosy specific antigens, either 
through a culture of M. leprae, or using 
antigenically related mycobacteria. The 
objective is manyfolds: diagnostic, protective 
and curative; there are articles in the volume 
that deal with these specific topics. 


Along with the search for an immunopro- 
phylactic agent, there has been considerable 
work done on the possibility of using DDS 
as a chemoprophylactic agent in near thera- 
peutic dosage. The work in India, and else- 
where, again exhaustively discussed in an 
article here, has established the value of oral 
DDS as a prophylactic, but only partially, 


TABLE* 


Incidence of clinical leprosy among clinically normal individuals of Survey I during the two year 
interval between the two surveys in eight villages according to contact status in Survey I. 


New cases in two years 


Survey I Present & 


Clinically Exam in T& L& All Rate 
Normal Survey Il IDL BL Cases yA 
(a) Contact Status at Sy I 
Nuclear family contacts 
of L & BL 158 6 — 6 4.7 
of T & ID 466 17 3 20 4.9 
All contacts combined 624 23 3 26 4.8 
Non-Contacts 4017 3615 75 11 86 2.4 


* Data reproduced from the records of Field Leprosy Research Unit, Jhalda. 


388 


and that too, only in children. There is no 
doubt that children do frequently get infected, 
but leprologists the world over know that 
children largely escape with mild, and mostly 
self-healing lesions. It is safe to assume that 
these mildly clinical or often subclinical 
infections are immunising infections in those 
that are capable responders, and many think 


that these are like the primary complex of 


tuberculosis that gives tuberculin sensitisation. 
The point to debate is, might we not be killing 
such supposedly immunising infections by 
DDS? Medical ethics demand that we treat 
all cases of leprosy, but many of us do not 
indeed prescribe dapsone at the first sign of a 
lesion in a child, but rather wait and observe. 
We see a majority of the lesions heal without 
treatment. Of course such liberty can be 
allowed only when the surveillance is very 
thorough, and is generally difficult in a mass 
programme. While not debating the limited 
utility in selective situations, screening the 
subjects by Mitsuda testing perhaps will be 
a more logical approach. A child refusing to 
be Mitsuda positive after three tests in a year 
could be safely considered under risk, 
and needs to be protected if exposed to infec- 
tion in the family or the community. 


Age and sex patterns in leprosy—It has 
always been said that children are the most 
susceptible, and that females are generally 
more resistant than the males. Carefully 
collected records in a prospective study how- 
ever do not support either of these views. 
Chatterjee has analysed some old and new 
data from centres that had kept good records 
(2), and from these it became apparent that 
children are not the most susceptible. Infec- 
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TABLE 


tion by many pathogens do not always lead 
to clinical disease. In endemic areas where 
chances of getting infected are very high, 
we do not see many established or progressive 
disease in children. The below table 
showing the conversion rate of clinically 
doubtful lesions and acid-fast bacillary skin 
positives, to established cases show clearly 
a progressive decline of resistence with 
advancing age. 


However leprosy in children is a very 
important index of intravillage active trans- 
mission, and the child rate falls at a rather 
slow rate compared to the adults. One of 
the best ways of ascertaining whether a 
village has foci of transmission is to look 
searchingly, but without arousing suspicion, 
at the bare bodies of the children that invari- 
ably cluster about you when you visit a village, 
for lesions of leprosy. 


On sex distribution of leprosy, I would 
quote an interesting passage from the third 
survey report of the leprosy investigation 
centre, Bankura, by Dharmendra & Sen (3), 
1943. “Of the 29 cases, 15 were males and 14 
femels. The sex distribution of these cases 
is different from the sex distribution of the 
cases recorded in the original survey........ 
this: difference. 2-5 has possibly been 
caused by the fact that during the two year 
period under review a lady doctor worked in 
the area for more than three months, and 
detected the majority of the new cases reported 
in the females. It is believed (emphasis is 
mine) that the lady doctor detected a number 
of previously undetected cases in females, 
and the finding in these two years are not 


*DEVELOPMENT OF CLINICAL LEPROSY AT SURVEY II AMONG 
OBSERVATION CASES & SKIN-CLIPPING POSITIVES OF SY I 


Observation cases 


Skin-clipping AFB positives 


Age Total Cases Obsrvn. Incidence | Total Cases Obsrvn. Incidence 

Group Examd. Months Rate % | Examd. Months Rate % 
per year per year 

ee ee 

0-14 21 Pa 256 9.4 97 6 1342 5.4 
15-44 40 11 503 26.2 113 13 1574 9.9 
a 18 6 219 Jae 32 9 434 24.9 
i ree 

Grou 19 19 978 ps 242 28 3350 10.0 


$F  D h Tnit The 
* Data reproduced from records of Leprosy Field Research Unit, Jhalda. 
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interpreted to mean that the incidence in the 
two sexes in this area is nearly equal. This 
however shows the necessity of great caution 
in interpreting the figure for the sex distri- 
bution of cases obtained in surveys carried 
out exclusively by male doctors’. The 
inherent message is clear. In the assessment 
survey of the Santhal Pahadia Seva Mandal 
referred to earlier, we designed a ‘parts 
examined’ check list, and the paramedical 
worker was required to check the parts that 
were, or could be examined. In the parts of 
the body like face, back, legs, & upper 
extremities, the rate of distribution of lesions 
did not vary between the males & females, 
but when it came to the front (breast), but- 
tocks & thighs, a majority of females’ check 
list were returned as ‘not examined’, and 
females with diagnostic lesions in these parts 
were no doubt left undiagnosed. In our 
Jhalda study, we have employed equal num- 
bers of male & female para-medical workers, 
and there is very little male-female disparity 
in leprosy rate. Ganapati, Nayak and 
Pandya (4), in their studies on leprosy in school 
children in Bombay observed—‘‘one cannot 
but be struck by the significant proportion of 
cases (252 out of 953 or 26.4%) with solitary 
lesions on the gluteal regions and the thighs. 
The importance of careful examination of 
these parts of the body can not be over- 
emphasized. Lesions have come to light in 
several instances by stripping the child to 
expose the waist and upper parts of the 
buttocks properly”. This further strengthens 
the point made about sex disparity. How- 
ever the females get less of lepromatous 
leprosy compared to males. Having learnt 
sex disparity as an artefact of inadequate 
examination of the female person, we have 
been seeing a disturbing trend of a persistence 
of the disease in the females parhaps due both 
to non-treatment, and a tendency to delayed 
healing. Females are not taking, or made 
to take treatment. In the villages, families 
are scared to expose their diseased females 
in public. A few that are conscious take 
clandestine treatment usually from quacks. 


The lepromin test 


A large number of laboratories and 
investigators around the world are engaged 
in a search for, and testing of M. leprae 
specific antigens. Leprosy infection in the 
armadillo first produced by Kirchheimer and 
Storrs (5) has proved a boon and it is now 
providing M. leprae in great quantities to 
laboratories and clinics that are involved 
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in the IMMLEP programme of the WHO. 
A protein antigen has been isolated and its 
specificity tested in human _ subjects (6). 
It is worthwhile acknowledging with gratitude 
the pioneering work of Dr. Dharmendra’s: 
in the early forties (7) isolating a protein 
antigen from M. leprae, although due to in- 
adequate purification and quantity, complete 
specificity of it could not be established at that 
time. | 


The usefulness of the two components of 
the lepromin test, namely the early, 24-48 hrs 
tuberculin type delayed hypersensitivity re- 
action of Fernandez’, and the late reaction of 
Mitsuda’s peaking at 3 weeks or longer, 
has been repeatedly confirmed. The early 
reaction is an indication of specific sensitiza- 
tion and is rarely if ever positive in individuals 
in leprosy non-endemic areas. The Mitsuda 
reaction however is non-specific; the propor- 
tion of positive reactors increases with age in 
any population and is unrelated to leprosy 
prevalence. Polar forms of lepromatous 
leprosy (LL) patients rarely become Mitsuda 
positive even if complete bacteriological nega- 
tivity is achieved with treatment although 
many resolved -cases often show varying 
degrees of Fernandez’ reaction. Therefore, 
the nature of response and their significance 
are different for the two tests. While the 
Fernandez’ reaction indicates sensitization, 
a positive Mitsuda reaction indicates an in- 
dividual’s capacity to be sensitized and to 
respond immunologically. Quite often a 
single test dose of lepromin confers posi- 
tivity to a child (8) and on retesting after some 
weeks, a positive response is obtained. This 
phenomenon has been very effectively used 
for prognostication in a field study by 
Dharmendra and Chatterjee (9). In a highly 
endemic area of Bankura district of Bengal 
803 persons were lepromin tested (age— 
sex not provided by the authors). Only 
680 of the original group were available for 
examination on resurvey 15 or 20 years 


later. The lepromin test results of the 680 
were: 
Negative : — 156 
Positive : — 524 
(Weak (W) —163) 
(Moderate (M) —125) 
(Strong (S) —236) 
109 of the 156 negatives were given 


3 lepromin tests in one year to convert to 


positivity. 93 of them were converted 
(W — 30, M — 35, S — 28), 16 remained 
negative. 2 


A survey for leprosy ‘incidence’ in this 
population done after 15 or 20 years showed: 


Lepromin 
response No. Leprom. Non- Total 
on first leprom. 
testing: 
—ve 156 159.6%) 7(4.4%) 22(14.0%) 
+ve W— 163 — 905) :9(-5.5%) 
M— 125 — 3024) 3( 2.4%) 
S — 236 — aero 2.1%) 


680 15(2.2%) 24(3.5%) 39( 5.7%) | 


Breake-up of the 156 original negatives 


showed: | 
Lepromin No. Lep- Non- Total 
response. rom leprom. 


—ve on one test 


(were not retested) 47 6 a 9(19'"%) 
—ve on three tests 16 8 2 10(60.25%) 
ve after three 

tests OS a8 Auot:5. 4%) 


Therefore, none out of 534 that were 
Mitsuda positive on first test developed 
lepromatous leprosy, and only 17 developed 
non-lepromatous leprosy. While 8 out of 
the 16 that remained Mitsuda negative after 
three tests developed lepromatous disease 


(50%). 


A genetic susceptibility trait in the total 
non-responders could probably be responsible, 
and this test could be profitably used for 
screening out of the susceptibles. Rapid 
developments in the immunology have pro- 
vided us with sophisticated laboratory tools 
for precise estimation of the .hosts’ capacity 
to respond immunologically to M. leprae. 
However, these tests are usually beyond the 
scope of routine application in the field except 
for research. Using a cellular immunological 
technique called the leprosy prognostic test 
(LPT), Barbieri and Correa (10) demonstrated 
that the ability of the hosts’ macrophages to 
digest M. leprae, and their positive Mitsuda 
reactivity, were comparable. — Further 
evidence on the great prognostic significance 
of the Mitsuda response has come from 
another recent report from Price et al (11) 
where the authors could not find any insuff- 
ciency of cellular immunity in none of 20 
family contacts of leprosy tested. How- 


ciated. This is 


ever, the 2 out of 20 that did develop idefi- 
nite lepromatous and borderline lepromatous 
leprosy, were Mitsuda: negative. Confirma- 
tion of these findings by other groups of in- 
vestigators seem to be of utmost importance 
since that would establish lepromin as a 
very effective and simple test to screen out a 
large proportion of the infected that become 
Fernandez positive on the one hand, and the 
susceptibles that remain Mitsuda negative on 
the other. The later group would be the one 
requiring attention and protection by (i) sur- 
veillance; (ii) immunization leading to Mit- 
suda conversion using B.C.G., lepromin or 
leprosy specific antigen (hopefully not far 
off in developing), failing which, (iii) chemo- 
prophylaxis. 


Viability and Persistence of M. leprae and 
Release from Isolation—The concept that 
only solid staining M. leprae are viable and 
the non-solid and granulated ones are degene- 
rated and dead has come under increasing 
criticism from different quarters. However 
there are still many important leprosy workers 
who believe and defend it. This topic has 
been dealt with in detail in other articles in 
this volume. Perhaps it would be useful to 
discuss a little an alternative concept, the 
concept of a life cycle in M. leprae, that 
explains how M. leprae could become granular 
and still remain viable. 


The fact that all eubacteriales including my- 
cobacteria undergo varied morphological 
changes under diverse environmental influ- 
ences is not very well recognised or appre- 
probably because direct 
observational (microscopic) studies of 
bacteria under different cultural conditions 
have not been quite popular of late. En- 
vironmental influences in test tube culture 
that brings about changes in bacterial morpho- 
logy and consequently growth and metabolism 
are high salt concentrations, ageing, antibiotic 
and chemotherapeutic agents, and cell-wall 
attacking enzymes. The most widely studied 
abnormal morphological forms produced 
in artificial culture are the L-forms of bacteria 
induced mostly by Penicillin. The L-forms 
are partially or totally devoid of the cell wall, 
and have various pleomorphic, and filtrable 
forms. L-form transformation of patho- 
genic bacteria has also been observed in the 
diseased host and has been related to latency 
in infectious diseases. The most convincing 
evidence of this occuring has been provided 
by Wittler et al (12, 13). A corynebacterium 
associated with bacterial endocarditis would 
disappear from blood while under penicillin 
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therapy, leading to clinical remission, to 
reappear again with clinical relapse after 
pencillin was withdrawn. During the clinical 
and bacteriological intermissions, a _ pleo- 
morphic organism, identified as the L-form 
variant of the corynebacterium associated 
with the clinical disease, and reversible to the 
parent organism, could be isolated from the 
blood of the child. Ultimately the infection 
was contained with an autogenous vaccine 
prepared from the corynebacterium, and valve 
surgery performed. Even after complete 
recovery, the L-forms persisted in the blood 
and the infection remained latent but pre- 
sumbaly the antibodies produced in response 
to the specific vaccine prevented re-emergence 
of the intact organisms with cell wall, and 
consequently clinical disease. 


Host substances that favour L-form trans- 
formation of an infectious bacterial organism 
are serum antibodies, complement and 
lysozyme, and lysosomal hydrolases that can 
attack and digest bacterial cell wall. Indivi- 
duals suffering from lepromatous or near- 
lepromatous leprosy have all these ingredients 
present in their system in abundance, and 
M. leprae is an intracellular parasite residing 
and growing within macrophages. It is no 
wonder therefore that M. leprae will pre- 
ferentially grow as L-forms in the diseased 
host. This it indeed does and the non- 
solid staining, granulated organisms, the acid- 
fast granules (? Much’s granules), the globi 
and other abnormal morphological forms are 
all the result of continuous onslaught of the 
humoral immune substances, and macrophage 
enzymes on the cell wall of M. leprae. 


It is now fairly well established that the 
ENL reaction of lepromatous & borderline 
lepromatous leprosy is due to tissue deposi- 
tion of circulating immune-complexes, i.e. 
M. leprae antigens, antibodies and comple- 
ment, causing an Arthus type reaction, with 
vasculitis. More of these circulating immune 
complexes are associated with ENL in these 
patients than otherwise. It has been observed 
that the bacteria in skin smears preceeding and 
during an ENL reactional episode become 
almost wholly fragmented, and also that the 
bacteria within the ENL lesion itself are also 
highly fragmented. It is very likely that this 
change in bacterial morphology is brought 
about by the immune substances, i.e. 
antibodies & complement, attacking the cell 
wall of the organisms. ENL reactions occur 
notoriously after initiation of treatment but 
can also occur in untreated patients, or in 
patients taken off treatment due to reactions. 
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Therefore, the fragmentation of bacilli in 
reaction is unrelated to treatment. Treat- 
ment with DDS or other anti-leprosy drugs 
accelerates this process. The non-solid but 
intact organisms are not only not dead, they 
are destined to multiply in the L-form cycle 
which is far more efficient than binary fission; 
each of the four granules in a normal rod is 
potentially capable of growing into a globus 
isis scores to hundreds of rods within 
them. : 


Pleomorphism in M. leprae has been 
reported by Alexander-Jackson (14) and 
Xalabarder (15). Chatterjee (17) reported 
development of L-forms of M. leprae under 
test tube conditions and described the cycle, 
the various forms associated with it including 
the classical globus, and their significance. 
Pares, as reported by Pattyn (18), confirmed 
it independantly of Chatterjee. The granular 
transformation and decline and disappearence 
of solid staining rods as reflected in the mor- 
phological index (MI) has to be viewed in this 
context. While it might indicate that the 
treatment is being effective, it is no indication 
of bacterial death. Desikan (19) has ob- 
tained footpad multiplication from inocula 
that contained no _ solid staining rods. 
Another Indian investigator obtained foot 
pad multiplication from samples that did not 
have anything stainable, but he did not want 
to be identified. 


Perhaps the key to the phenomenon of 
persistence of M. leprae in different tissues 
in cases under treatment with DDS, or even 
Rifampicin, lies also in the L-form pheno- 
menon. Mostly these bacteria were still 
senstitive to the drug. The plausible ex- 
planation to this paradox seems to be their 
existence as L-forms, lacking a cell-wall, 
and therefore insensitive to the drugs. 
Browne (20) was perhaps the first to report 
on M. leprae persistence in cases apparently 
successfully treated and speculated on the 
possibility of L-forms bringing this about. 
Localised bacilliferous lesions containing 
very large numbers of good, solid bacilli 
would suddenly appear in patients undergoing 
treatment and apparently responding to it. 
The bacilli in at least four out of five such 
cases were still susceptible to DDS. 


What then would be the criteria of releasing 
a patient from isolation? I use release here 
to mean the stage of recovery, bacteriological 
& clinical, when the patient will be certified 
safe to others, i.e. he ceases to be an active 
leprosy transmitter. This is important 


because a child patient has to join school 
an employee or a worker has to resume his 
work or he loses income or job, and a member 
of the family or community has to be able to 
freely mix, and the clinician has to certify 
him fit for that. The criteria set forth by the 
_ government would keep a lepromatous patient 
isolated for a very long time because attain- 
ment of total bacteriological negativity takes 
years, and further, a lepromatous patient is 
never to be discharged from therapy (WHO). 
This has meant loss of home, education and 
job to thousands and it is high time we evolve 
a rational policy that is scientifically accept- 
able, and easy on the patient. Quite opposed 
to the conservative recommendation of com- 
plete negativity, another strong view is that a 
patient ceases to be infectious when his skin 
smears show no solid staining rod, i.e. when 
the Morphological Index reaches zero. In 
the preceding section, the unsoundness of this 
advocacy has been dealt with, in the light of 
L-form life cycle in M. leprae. As is well 
known, untreated lepromatous patients often 
present with a 0% M.I. at first examination. 
Would we then declare this patient non- 
infectious before treatment was ever initiated? 
Obviously not, and the situation is not quite 
as simple. On an open trial on low doses 
of DDS in lepromatous leprosy, Karat (21) 
reported “‘While the morphological index in 
the majority steadily came down to zero and 
remained around that level during the follow- 
up period, the bacterial index showed either 
no significant change or an increase from the 
initial value was recorded’’. Accepting only 
the solid staining bacilli as viable, here is a 
peculiar situation where the viable ones 
were dying, and the dead ones multiplying. 
So, the M.I., in all probability, is no guide to 
success of therapy as manifested in bacterial 
death. 


In the interest of the patients, the family 
and the community, we have to arrive at 
a decision, may be a compromise. Because 
waiting for clear cut answers for vindication 
of one or the other point of view may 
unfortunately be a long one, at least until we 
can cultivate M. leprae in the test tube. I 
would like to suggest the following guideline 
for discharge from isolation: 


(1) Steady clinical and bacteriological im- 
provement as reflected in a declining 
bacteriological index, following 
initiation of treatment with a suitable 
two drugs regimen; 


(2) a negative nose; 


(3) absence of globi in skin smears indica- 
ting a cessation of active bacterial 
multiplication; 


(4) cessation of reactions, if any. 


These conditions should continue to obtain 
for full one year, without reversal, before a 
patient should be declared non-infectious. 
After such certification, the patient will have 
to be kept under continuous clinical and 
bacteriological surveillance with 3 monthly 
check up until complete clinical resolution and 
bacteriological negativity of the skin is 
attained. At this point cases that may show 
signs of immunological recovery by converting 
into, Mitsuda positivity of any degree can be 
gradually taken off treatment. The total 
non-responders are the ones that still need to 
be kept under continued therapy, with periodic 
Mitsuda testing to monitor possible immuno- 
logical recovery, and smear examination of 
nose and/or sites showing clinical signs of re- 
activation. 


This guideline may be considered not quite 
100% safe but since a vast majority of the 
population and close contacts escape disease 
even after living the life time exposed to infec- 
tion, any risk of transmission following 
this line of approach should not be very 
great, at least in endemic countries. 


Drug Resistence in M. leprae 


DDS resistant M. leprae as confirmed by 


' the mouse foot pad technique, and suspected 


clinically for a long time, has been reported 
from various countries including India. It 
has understandably given rise to lot of concern 
in all quarters. Intermittent intake of DDS 
and low dosage have been held responsible. 
It has not however been generally appreciated 
that basically it is neither DDS nor M. leprae 
that is at fault. Most bacterial species contain 
in their populations mutants in various fre- 
quencies that are genetically resistant to one 
or the other inimical influences, be it drugs, 
chemical poisons or physical forces. The 
drugs only exert a selective influence, parti- 
cularly when used in low dosage. While the 
mouse foot-pad model has been a very useful 
laboratory tool helping in many ways our 
understanding of the disease, it may have 
inadvertently done a dis-service by recom- 
mending a very low dose of DDS as the 
minimal effective blood level. The disease 
in the human, and the experimental disease 
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in the mouse, even in the immune-deficient 
mouse are very different in terms of quantita- 
tive bacteriology, or rather bacillary load. 
Unfortunately, the two have been equated, 
and hence the ‘homeopathic’ dosage recom- 
mendation of DDS, helping the emergence of 
bacilli resistant to 1t, which probably would 
not have surfaced with such frightening spectre 
if the orthodox dose would not have been 
disfavoured. It is indeed surprising that it 
took nearly two decades for DDS resistance 
to emerge as a clinical and control problem. 
This only indicates that resistant mutants are 
not present in the wild population in high 
frequency, and with judicious application of 
a multiple drug regimen at least at initiation 
of therapy, it could be brought under control 
before it gets out of hand. 


Leprosy Control 


From what has been said in- the preceding 
few pages it is obvious that more-laboratory 
studies and field trials are necessary to evolve 
a better method of leprosy control both to 
reduce transmission through mass treatment, 
and to give primary protection through immu- 
nisation. The screening of the susceptibles 


by immunological skin testing, reducing the 
load of the clinics by keeping single patch 
lesions under surveillance only, finding out 
the most economical, simple and field-usable 
multiple drug combination, making health 
education more effective to remove wrong 
social and administrative attitudes to enhance 
case detection & treatment through voluntary 
reporting, are all areas that need concentrated 
laboratory, field and administrative effort. 
Naturally abolishing the vertical Leprosy 
Control Programme at this stage of still insuffi- 
cient scientific and operational knowledge 
will be most inopportune. Undoubtedly 
there has been serious alround lapses in the 
implementation of the programme but one - 
cannot ignore the fact that leprosy conscious- 
ness in the population has grown even in 
rural areas where control activity has been 
extended. Other benefits and impact of the 
control programme have been discussed at 
length in other articles. From eradication 
of malaria, we are now learning to live with it 
because we diluted the emphasis on the pro- 
gramme rather too soon. Let us not repeat 
this mistake in leprosy control at a time when 
we are poised for a breakthrough in different 
areas of the problem. 
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